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(57) Abstract 

Described herein is the discovery that human interleukin-l)9 convcrtasc (ICE) is stmcturally similar to the protein encoded by the 
C. elegans cell death gene, ced-S. Comparative and mutational analyses of the two proteins, logetiicr with previous observations, suggest 
that the Ccd-3 protein may be a cysteine protease like ICE and that ICE may be a human equivalent of the nematode cell death gene. 
Another mammalian protein, the murine NEDD-2 protein, was also found to be similar to Ced-3. The NEDD-2 gene is implicated in die 
development of the murine central nervous system. On the basis of these findings, novel drugs for enhancing or inhibiting the activity of 
ICE, ced-3, or related genes are provided. Such drugs nuiy be useful for treating inflanunatory diseases and/or diseases characterized by 
cell deaths, as well as cancers, autoimmune disorden, infections, and hair growth and hair loss. Furthermore, such drugs may be useful for 
controlling pests, parasites and genetically engineered organisms. Ftothermore, novel inhibitors of the activity of ced-S, ICE and related 
genes arc described which comprise portions of the genes or tfieir encoded products. 
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-Homology of interleukin- 1/?-convertase with C. elegans ced-S and Inhibition of cell 

s Related ^nnlle«»,<nn« 

This application is a continuation-in-part of USSM 
08/282,211, filed July 11, 1994; which is a divisional of 
07/984,182, filed Novenber 20, 1992, now abandoned; which 
is a continuation-in-part of USSN 07/897,788, filed June 
10 12, 1992, now abandoned. The teachings of DSSN 
07/897,788 are incorporated by reference. 

Cell death is a fundaaental aspect of aninal 
devalopaent. Many cells die during the nonaal develop- 

15 Bent of both vertebrates (Glucksaann, Biol, Uov, 

Cambridge Philos. 5oc. 25:59-86 (1951)) and invertebrates 
(Trunan, Ann. J?ev. Neurosci, 7:171-188 (1984)). These 
deaths appear to function in aorphogenesis, aetaaorphosis 
and tissue homeostasis, as well as in the generation of 

20 neuronal specificity and sexual dimorphism (reviewed by 
Ellis et aJ., Aim. Rev. Cell Biol. 7:663-698 (1991)). An 
understanding of the mechanisms that cause cells to die 
and that specify which cells are to live and which cells 
are to die is essential for an understanding of animal 

25 development. 

The nematode CeenorhabditiB elegans is an 
appropriate organism for analyzing naturally-occurring or 
programmed cell death (Horvitz et aJ., Neurosci. 
Comment. 1:56-65 (1982)). The generation of the 959 

30 somatic cells of the adult C. elegans hermaphrodite is 
accompanied by the generation and subsequent deaths of an 
additional 131 cells (Sulston and Horvitz, Dev. Biol 
82S110-156 (1977); Sulston et al.. Dev. Biol. 1(70:64-119 
(1982) ) . Th morphology f c lis underg ing prograam d 

35 cell d ath in C. 1 gans has been described at both the 
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light and electron microscopic 1 vels (Sulston and 
Horvitz, Dev. Biol. 82:100-156 (1977); Rob rtson and 
Thoias n, J. Embryol. Exp. Morpb. 57:89-100 (1982)). 

Many genes that aff ct C. ml gmns programm d cell 
5 death have been identified (reviewed by Ellis at al.^ 
Ann. Rev. Cell Biol. 7:663-698 (1991)). The activities 
of two of these genes , ced-3 and ced-4, are required for 
the onset of almost all C. elegans progrcunmed cell deaths 
(Ellis and Horvitz, Cell 44:817-829 (1986)). When the 

10 activity of either ced-3 or ced-4 is eliminated, cells 
that would normally die instead survive and can differen- 
tiate into recognizable cell types and even function 
(Ellis and Horvitz, Cell 44:817-829 (1986); Avery and 
Horvitz, Cell 51:1071-1078 (1987); White at al., Phil. 

15 Trans. R. Soc. Lond. B. 331:263-271 (1991)). Genetic 
mosaic analyses have indicated that the ced-3 and ced-4 
genes most likely act in a cell autonomous manner within 
dying cells, suggesting that the products of these genes 
are expressed within dying cells and either are cytotoxic 

20 molecules or control the activities of cytotoxic 
molecules (Yuan and Horvitz, Dev. fiiol. 138:33-41 
(1990)). 

This invention is based mainly on two experimental 
25 findings and their implications: 1) that human 

inter leukin-l/} convertase (ICE) , a cysteine protease with 
specificity for aspartate and which cleaves pro- 
inter leukin-1/? substrate in the PI position to yield the 
active cytokine which is involved in the inf lamsiatory 
30 response in humans, has considerable similarity to the 
protein encoded by the C. elegans cell death gene, ced-3; 
and 2) that fusion constructs containing amino-terminal 
portions of the ced-3 gene can prevent cell death in C. 
elegans. As discovered by Applicant, the human ICE and 
35 nematod C d-3 proteins hav an ov rail amino acid 

identity of 28%. A higher d gre of similarity was f und 
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in th carboxyl-t rminal r gion, a r gion shown to be 
critical for th activiti s f both proteins. 
Purthermor , thre sequ nc s important for ICE activity, 
th r gion surrounding th activ cystein and two 
5 autocleavage sit s, hav been shown to b c nserved in 
the cBd^3 gene product. 

Thus, significant structural similarity has been 
shown between two proteins which previously were thought 
to be unrelated (to have dissimilar physiological roles) • 
10 This finding leads to several implications, some of which 
are: 

1) that the human ICE gene has an activity similar 
to that of ced-3 in causing cell death; 

2) that the Ced-3 protein is also a cysteine 

15 protease with a substrate specificity similar to that of 
ICE; 

3) that mutations in the ICE gene corresponding to 
mutations in the ced-3 gene will produce similar effects, 
such as inactivation and constitutive activation; 

20 4) that the ced-3 and ICE genes are members of a 

family of structurally related genes, referred to herein 
as the c6d-3/ICE family, some of which are likely to be 
cell death genes and some of which may encode substrate- 
specific proteases; 

25 5) that inhibitors of ICE, such as peptide 

aldehydes which contain the ICE recognition site or a 
substituted recognition site and the cowpox virus CrmA 
protein, may also be useful for inhibiting cell deaths; 
and 

30 6) that inhibitors of ced-3, such as inhibitory 

portions of the gene or encoded product, may also be 
useful for inhibiting inflammation. 

This hitherto im)cno\m connection between a cell 
death protein and a protease involved in the inflammatory 

35 response provides a basis for d veloping n vel drugs and 
methods for th tr atment of acute and chr nic 
inflammatory diseas , of leukemias in which IL-1^ is 
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implicated, and of dis ases and conditions cheuract rized 
by c 11 d aths (such as myocardial infarction, stroke, 
traumatic brain injury, viral and other types of 
pathog nic infection, neural and muscular degen rative 
5 diseas s such as ALS and spinal cord injury, aging, hair 
loss) . In addition, drugs which increase cell deaths and 
which are useful for reducing the size or proliferative 
capacity of cell populations, such as cancerous cells, 
infected cells, cells which produce autoreactive 
10 antibodies, and hair follicle cells, as well as drugs 
which incapacitate or kill organisms, such as pests, 
parasites and recombinant organisms, can be developed 
using the ced-3, ICE, and other C6d-3/ ICE genes and their 
gene products. 

15 This work also provides probes and methods for 

identifying additional members of the ced-J/ICE gene 
family. Genes related to ced*3 and ICE are expected to 
exist in various organisxas. Some of these may be cell 
death genes and/or proteases. The secpiences of these 

20 related genes and their encoded products can be compared, 
for instance, using computer-based analysis, to determine 
their similarities. Structural comparisons, for example, 
would indicate those regions or features of the genes or 
encoded products which aore likely to be functionally 

25 similar and important. Such information can be used to 
design drugs which mimic or alter the activity of the 
ced-3, ICE, or other ced-3/ICE genes, and which may, 
thus, be useful in the various medical and agricultural 
applications mentioned above. 

30 In addition, another mammalian protein, the murine 

NEDD-2 protein (also known as Ich-1) , was also found to 
be similar to Ced-3. Interestingly, NEDD-2 is not 
significantly similar to ICE. Thus, another mammalian 
cell death gene was identified. 

35 Also d scribed her in is the discov ry that fusion 

c nstructs which ncode an amin -terminal portion f the 
C d-3 prot in fused to ^-galactosidas act as inhibitors 
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Of c 11 d ath in C. el gans. Du to its structural 
similarity to C d-3, constructs needing corresponding 
portions f the human ICE protein ar also xpected to 
inhibit th enzymatic activity of ICE in cl aving 

5 inter 1 ukin-1^. Thus, inhibitors comprising an amino- 
terminal portion of the Ced-3 protein, ICE protein or 
another member of the Ced-3 /ICE family and RNAs and DNA 
constructs which express these protein portions are 
potentially useful for decreasing cell deaths and/or 

10 inflammation involved in various pathologies. Methods 
for identifying other inhibitory portions of the ced-3 
and ICE genes are also described. 

Furthermore, deletion of the inhibitory amino- 
terminal portions of the ced-3 and ICE genes may result 

15 in constitutive activation of the genes. Constitutively 
activated carboxyl-terminal portions of the genes, or 
their encoded products, may thus be useful in 
applications where increased cell deaths or an increased 
inflammatory response are desired. 

20 Also provided are compounds with mutations of the 

active site cysteine in ICE, Ced-3, CPP-32, or NEDD-2 and 
methods for inhibition of cell death by administering 
these compounds. In ICE, the active site cysteine is at 
position 285, in Ced-3 the active site cysteine is at 

25 position 358, in CPP-32 the active site cystein is at 
position 163, and in NEDD-2 the active cysteine is at 
position 303. Preferably, the mutation is a missense 
mutation which changes one or more amino acids, including 
the active site cysteine. More preferably, the cysteine 

30 is replaced by an alanine or a serine. Most preferably, 
the cysteine is replaced by an alanine. 

In another aspect, the invention featxires a drug 
for inhibiting the activity of a gene selected from the 
group consisting of ced-3 and a gene which belongs to the 

35 c d-3/ICE gene family, comprising an inhibitor of 

inter leukin-ip c nvertase. Pr ferably, th drug reduc s 
cell deaths, or is a peptid aldehyd containing the 



amin acid sequ nc Tyr-*Val*Xaa-Asp, wherein Xaa is 
eel ct d from Ala, His, Gin, Lys, Phe, Cha, and Asp; or 
is Ac-Tyr-Val-Ala-Asp-CHO, also referr d t as inhibitor 
B, or is th covpox virus CrmA protein or a p rti n 
5 th reo£» Pref rably, the activity being inhibited is 
polypeptide ICE activity • 

In a related aspect, the invention provides 
methods for inhibiting cell death by administering 
inhibitors of ICE or related proteases » Preferably, the 

10 peptide is a peptide aldehyde containing the amino acid 
sequence Tyr-Val-Xaa-Asp, wherein Xaa is selected from 
Ala, His, Gin, Lys, Phe, Cha, and Asp; or is Ac-Tyr-Val- 
Ala-Asp«CHO, also referred to as inhibitor B, or is the 
cowpox virus CrmA protein or a portion thereof, or any 

15 protease inhibitor containing an aspaurtate residue in the 
position corresponding to the Pi site in the substrate 
linked to a protease* inactivating chemical moiety. 
Preferably, the cell death being inhibited is cell death 
in human nerve celles, including motoneurons. For 

20 example, the methods of the invention may be used to 
prevent or decrease the number of cell deaths due to 
amyotrophic lateral sclerosis, spinal cord injxiry, 
stroke, brain trauma. Parkinsonism, Huntington's disease, 
Alzheimer's disease, or spinocerebellar degeneration 

25 (e.g. , cerebello«*olivary degeneration of Holmes, 
Friedreich's ataxia). 

In another aspect, the invention features an 
inhibitor of the activity of the ced*3 gene, which 
includes a portion of the ced-3 gene sequence. 

30 Preferably, the gene portion is a portion of the 

nucleotide sequence of (SEQ ID NO: 1) , selected from the 
group consisting of: 

a) nucleotides l to approximately 5850; 

b) nucleotides 1 to approximately 3020; and 
35 c) an inhibit ry subportion (a) and (b) ; th 

gene p rtion ncod s an amino acid sequ nc 
of th C d-3 prot in shown in Fig. 6A (SEQ ID 
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NO: 2) , selected from the group consisting 
of: 

a) amino acids 1 to approximately 372; 

b) amino acids l to approximately 149; and 

c) an inhibitory subportion of (a) and (b) . 



The inhibitor of the ced-3 gene may further include a 
heterologous structural gene fused 3' of the gene 
portion, e.g., B. coli lacZ, or a transcriptional signal 
and a translational signal suitable for expression of the 

10 gene portion in a host cell. Preferably, the 

transcriptional and the translational signals are those 
of the ced-3 gene. In related aspects, the invention 
features inhibitors of the activity of the ced-3 gene, 
which include RNA encoded by the sense strand of a 

15 nucleotide sequence of Fig. 3 (Seg. ZD #1), the 
nucleotide sequence being selected from the group 
consisting of: 

a) nucleotides 1 to approximately 5850; 

b) nucleotides 1 to approximately 3020; and 
20 c) an inhibitory subportion of (a) and (b) ; 

or an inhibitor which is a protein having an amino acid 
sequence of the Ced-3 protein shown in Fig. 6A (Seq. ID 
#2) , selected from the group consisting of: 

a) amino acids l to approximately 372; 
25 b) amino acids 1 to approximately 149; and 

c) an inhibitory subportion of (a) and (b) ; or 
which is a non-peptide mimetic of the inhibitor of the 

foregoing, sequences from Fig. 6A; or a construct 

selected from B6AFQ and PBA; or the encoded product of a 
30 construct selected from BGAFQ and PBA; or a non-peptide 

mimetic of the protein encoded by a construct selected 

from BGAFQ and PBA. 

In an ther relat d aspect, th inventi n also 

features an inhibitor of the activity f the ced-3 gene, 
35 comprising protein having an amin acid s quenc of ICE 
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Shown in Fig. 6A (Seg. ID #4), s 1 ct d from th group 
c nsisting of: 

a) amino acids 1 to 298; 

b) amino acids 1 to 111; and 

5 c) an inhibit ry svibp rtion of (a) and (b) ; or 

which is a portion of the ICE gene which encodes the ICE, 
or an inhibitory subportion of said gene; or RNA encoded 
by the gene portion which encodes ICE; or a non-peptide 
mimetic of the protein of ICE. In another related 

10 aspect, the invention also features an inhibitor of the 
activity of the ced*3 gene, which includes a portion of 
the protein product of a gene which is structurally 
related to the C6d*3 gene, and which protein product 
corresponds to an amino acid sequence of the Ced*^3 

15 protein shown in Fig. 6A (Seg, ID #2) , selected from the 
group consisting of: 

a) amino acids 1 to approximately 372; 

b) amino acids 1 to approximately 149; and 

c) an inhibitory subportion of (a) and (b) ; or 
20 an inhibitor which is a portion of a gene which is 

structurally related to the ce(i^3 gene, and encodes one 
of the foregoing, ced-3 -related amino acid fragments, or 
an inhibitory subsection of said gene portion; or RNA 
encoded by the immediately foregoing, gene portion; or a 

25 non-peptide mimetic of the foregoing, amino acid 
fragments which are related to ced-3. 

In another aspect, the invention features a method 
for identifying a portion of the ced-3 gene which 
inhibits the activity of the ced-3 gene, which method 

30 includes the steps of: 

a) injecting wild-type nematodes with a portion 
of the ced-3 gene vmder conditions suitable 
for expression of said gene portion; and 

b) detecting a decrease in programmed cell 
35 d aths. 
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Whereby a d creas In programmed c 11 d aths is 
indicativ of a portion f the ced-3 g ne which inhibits 
the activity of said g n • 

In r lated aspects, th inv ntion f atures a 
5 method of identifying a portion of a gene which is 
structxirally related to ced-3 and which inhibits the 
activity of the ced-3 gene, wherein the structurally 
related DNA is substituted for the ced-3 DMA in the 
immediately foregoing method. Preferably, the 
10 structurally related DNA is ICE-encoding DNA. The 

invention also includes isolated DNA which is identified 
by these methods* 

In another aspect, the invention features an 
inhibitor of the activity of the ICE gene which includes 
15 a portion of the gene which encodes an amino sequence of 
ICE shown in Fig. 6A (SEQ ID NO: 4), selected from the 
group consisting of: 

a) amino acids 1 to approximately 298; 

b) amino acids 1 to approximately 111; and 
20 c) an inhibitory subportion of (a) and (b) . 

This inhibitor may further include a heterologous 
structural gene fused 3' of the gene portion, or a 
transcriptional signal and a translational signal 
suitable for expression of the gene portion in a host 
25 cell. 

In related aspects, the invention features 
inhibitors of the activity of the ICE gene, which include 
RNA encoded by the gene which encodes ICE; and inhibitors 
which are amino acid sequences of ICE shown in Fig. 6A 
30 (SEQ ID NO: 4), selected from the group consisting of: 

a) amino acids 1 to approximately 298; 

b) amino acids 1 to approximately 111; 

c) an inhibitory subportion of (a) and (b) ; 
which is a n n-peptid mim tic f the imm diately 

35 f regoing, amino acid fragm nts; and a pozrtion of th 
c d-3 g ne. Preferably, th inhibitory portion of the 
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ced-3 g n is a nucleotide sequence of Fig. 3 (SEQ ID NO: 
1), 8 lected from the group consisting f: 

a) nucleotid s 1 to approximately 5850; 

b) nucl otides 1 to appr ximately 3020; 

5 c) an inhibitory sxibporti n f (a) and (b) ; r 

is a nucleotide sequence which encodes an amino acid 
sequence of the Ced-3 protein shown in Fig. 6A (SEQ ID 
NO: 2), selected from the group consisting of: 
a) amino acids 1 to approximately 372; 
10 b) amino acids 1 to approximately 149; and 

c) an inhibitory subportion of (a) and (b) ; or 
is an inhibitor which is a nucleotide sequence including 
a construct selected from B6AFQ and PBA, or which is the 
encoded products thereof. In one embodiment, the nucleic 

15 acid inhibitor further includes a heterologous structural 
gene fused 3' of the gene portion, or a transcriptional 
signal and a translational signal suitable for expression 
of the gene portion in a host cell. 

In related aspects, the invention features 

20 inhibitors of the activity of the ICE gene, including RNA 
encoded by the sense strand of a portion of the ced-3 
gene, which is a nucleotide sequence of Fig. 3 (SEQ ID 
NO: 1), selected from the group consisting of: 

a) nucleotides l to approximately 5850; 

25 b) nucleotides 1 to approximately 3020; and 

c) an inhibitory subportion of (a) and (b) ; 
and an inhibitor which is a protein having an amino acid 
sequence of the Ced-3 protein shown in Fig. 6A (SEQ ID 
NO: 4), selected from the group consisting of: 

30 a) amino acids 1 to approximately 372; 

b) amino acids 1 to approximately 149; and 

c) an inhibitory subportion of (a) and (b) ; or 
an inhibitor which is a protein having an amino acid 
sequence of the ced-3 protein shown in Fig. 6A (SEQ ID 

35 NO: 4), 8 lected from the gr up consisting of: 

a) amino acids l t approximat ly 372; 

b) amin acids 1 to approximat ly 149; and 



c) an inhibitory subportion f (a) and (b) ; r 
an inhibitor which is a non-p ptid mim tic of the 
imm diat ly for going, prot in fragments. 

In a fiirther relat d asp ct, th invention 
5 f atures an inhibitor of the activity of the ICE gen 

which includes a portion of the protein product of a gene 
which is structurally related to said ICE gene, which 
portion corresponds to an amino acid sequence of the Ced- 
3 protein shown in Pig. 6A (SEQ ID NO: 2), selected from 
10 the group consisting of: 

a) amino acids 1 to approximately 372; 

b) amino acids 1 to approximately 149; and 

c) an inhibitory subportion of (a) and (b) ; or 
an inhibitor which is a portion of a gene which is 

15 structurally related to the ICE gene, which gene encodes 
one of the immediately foregoing, amino acid sequences, 
or an inhibitory subsection of such a gene which is 
structurally related to a gene encoding the foregoing, 
protein fragments; or SNA encoded by the gene which 
20 encodes the foregoing, protein fragments; or a non- 
peptide mimetic of the foregoing, protein fragments. 

In another aspect, the invention features a method 
for identifying a portion of ICE which inhibits the 
activity of said ICE, comprising the steps of; 
25 a) combining a portion of ICE with ICE and a 

substrate of ICE under conditions suitable 
for. cleavage of the substrate by ICE; and 
b) detecting a decrease in cleavage of the 

substrate, whereby a decrease in cleavage of 
30 the substrate is indicative of a portion of 

ICE which inhibits the activity of said 
enzyme. 

In a related aspect, the invention feat\ires an 
isolated inhibitory portion of the ICE protein identified 
35 by this m thod and nucl ic acid needing this inhibit ry 
porti n. 



In anoth r aspect, th invention features a m thod 
for identifying a p rti n of th protein product of a 
gen which is structxirally r lated to the ced-3 and ICE 
genes, and which inhibits the activity of ICE, comprising 
5 the St ps of: 

a) combining a portion of the protein product of 
a gene which is structurally related to the 
ced-3 and ICE genes with ICE and a substrate 
of ICE under conditions suitable for cleavage 

10 of the substrate by ICE; and 

b) detecting a decrease in cleavage of the 
substrate, 

whereby a decrease in cleavage of the substrate is 
indicative of a portion of the protein product of a gene 
15 which is structxurally related to the ced-3 and ICE genes 
and inhibits the activity of ICE. In related aspects, 
the invention features an isolated inhibitory portion 
identified by the method and isolated nucleic acid 
encoding the inhibitory portion identified by the method* 



20 In other aspects, the invention features 

inhibitors of the activity of a gene belonging to the 
ced-3/ ICE family of structurally related genes, 
comprising DNA selected from the group consisting of: 

a) a portion of the nucleotide sequence of Fig. 
25 3 (SEQ ID NO: 1} , selected from the group 

consisting of: 

1) nucleotides 1 to approximately 5850; 

2) nucleotides 1 to approximately 3020; and 

3) an Inhibitory subportion of (a.l) and 
30 (a. 2); 

b) DNA encoding an amino acid sequence of the 
Ced-3 protein shown in Fig. 6A (SEQ ID NO: 
2), selected from the group consisting of: 
1) amino acids 1 t approximately 372; 

35 2) amino acids 1 to appr ximately 149; wnd 
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3) an inhibit xy subportion of (b.l) and 
(b,2); 

c) a portion of th ICE gene which encodes an 
amino acid s guence of ICE shown in Fig. 6A 
(SEQ ID NO: 4), selected from the group 
consisting of: 

1) amino acids 1 to approximately 298; 

2) emino acids 1 to approximately 111; and 

3) an inhibitory subportion of (c.l) and 
C.2) ; 

d) a portion of the ced*3 /ICE gene which encodes 
an amino acid sequence corresponding to a 
portion of the Ced-3 protein shown in Fig. 6A 
(SEQ ID NO: 2), which Ced-3 portion selected 
from the group consisting of: 

1) amino acids 1 to approximately 372; 

2) amino acids 1 to approximately 149; and 

3) an inhibitory sxibportion of (d.l) and 
(d.2) ; and 

e) a portion of a ced-3 /ICE gene other than the 
c6d-3 /ICE gene which encodes an amino acid 
sequence corresponding to a portion of the 
Ced-3 protein shown in Fig. 6A (SEQ ID NO: 

2) r said Ced-3 portion selected from the 
group consisting of: 

1) amino acids 1 to approximately 372; 

2) amino acids 1 to approximately 149; and 

3) an inhibitory subportion of (e.l) and 
(e.2); or comprising SNA encoded by the 
DNA of a) * e) , immediately above; or 
protein encoded by the DNA of a) - e) , 
imaediately above; or a non-peptide 
mimetic of the proteins and fragments 
encoded by the DNA of a) - e) , 
immediat ly above. 

In anoth r aspect, the inv nti n features a drug 
tducing c 11 deaths, which includes an inhibit r of 
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th activity of th c d-3 gen , s 1 cted from the group 
consisting of: 

a) a porti n of the c gene; 

b) a pr duct encoded by a porti n 
of the c gen ; 

c) a non-peptide mimetic of an inhibitory 
portion of the Ced-3 protein; 

d) a portion of the ICE gene; 

e) a product encoded by a portion 
of the ICE gene; 

f ) a non-peptide mimetic of an inhibitory 
portion of the ICE protein; 

g) a portion of a gene which is structurally 
related to the ced-3 gene; 

h) a product encoded by the gene portion of (g) ; 
and 

i) a non-^peptide mimetic of the protein encoded 
by the gene portion of (g) . 

Preferably, the inhibitor is selected from the group 
consisting of: 

a) DNA having a nucleotide sequence of Fig« 3 
(SEQ ID NO: 1) , selected from the group 
consisting of: 

1) nucleotides 1 to approximately 5850; 

2) nucleotides 1 to approximately 3020; and 

3) an inhibitory portion of (a.l) and 
(a-2); 

b) DNA encoding an euaino acid sequence of the 
Ced-3 protein shown in Fig* 6A (SEQ ID NO: 
2) , selected from: 

1) amino acids 1 to approximately 372; 

2) amino acids 1 to approximately 149; and 

3) an inhibitory portion of (b.l) and 
(b.2); 

c) RNA encod d by DNA f (a) ; 

d) BNA encod d by DNA of (b) ; 



prot in having an amino acid segu nee of the 
Ced-3 protein shown in Fig. 6A (SEQ 10 NO: 

2) , 8 lected from th group consisting of: 
1) amino acids 1 to appr ximately 372; 

2} amino acids 1 to approximately 149; and 

3) inhibitory portion of (e.l) and (e.2); 
and 

a non-peptide mimetic of the protein of e) ; 
or selected from the group consisting of: 
DNA encoding an amino acid sequence of ICE 
shown in Fig. 6A (SEQ ZD NO: 4), selected 
from the group consisting of: 

1) euaino acids 1 to approximately 298; 

2) amino acids 1 to approximately 111; and 

3) an inhibitory portion of (g»l) and 
(g.2); 

RNA encoded by DNA of g) ; 

protein having an amino acid sequence of ICE 
shown in Fig. 6A (SEQ ZD NO: 4), selected 
from the group consisting of: 

1) amino acids 1 to approximately 298; 

2) eunino acids 1 to approximately 111; and 

3) an inhibitory portion of (i.l) and 
(1.2) ; and 

a non-peptide mimetic of the protein of i) ; 
or selected from the group consisting of: 
protein encoded by a portion of a gene which 
is structurally related to the c6d-3 gene, 
said protein portion corresponding to an 
amino acid sequence of the Ced-3 protein 
shown in Fig. 6A (SEQ ZD NO: 2) selected from 
the group consisting of: 

1) amino acids 1 to approximately 372; 

2) amino acids 1 to approximately 149; and 

3) an inhibitory p rti n of (k.l) and 
(k.2); 



1) DNA encoding th protein of (Jc) or inhibitory 

subportion th r of ; 
n) RNA encoding the prot in of (k) or inhibitory 
BUbp rti n th reof ; and 
5 n) a n n-peptid mini tic of th protein f (k) . 

In a related aspect, the invention featxires a 
method for treating a condition characterized by cell 
deaths, comprising administering the drug of which is an 
inhibitor of the activity of the ced-3 gene or protein. 
10 In another aspect, the invention features a drug 

for reducing cell deaths, which includes an inhibitor of 
the activity of the ICE gene or protein, selected from 
the group consisting of: 

a) a portion of the ICE gene; 
15 b) a product encoded by a portion of the ICE 

gene; 

c) a non-peptide mimetic of an inhibitory 
portion of the ICE protein; 

d) a portion of the cdd-3 gene; 

20 e) a product encoded by a portion of the ced^3 

gene; 

f ) a non«-peptide mimetic of an inhibitory 
portion of the Ced-3 protein; 

g) a portion of a gene which is structurally 
25 related to the cec7-3 gene and the ICE gene; 

h) a product encoded by the gene portion of (e) ; 
and 

i) a non*peptide mimetic of the protein encoded 
by (g). 

30 Preferably, the drug is structurally related to the ced*3 
gene and the ICE gene, and is selected from the group 
consisting of: 

a) a portion of said related gene; 

b) a product encoded by the gene portion of (a) ; 
35 c) a non-peptide mimetic of the protein product 

encod d by (a) ; 
d) a portion of the ICE g n ; 
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e) a product encod d by the g n portion of (d) ; 

f ) a non-p ptide mimetic of a protein product 
encod d by (d) ; 

g) a portion of th ced-3 gen ; 

5 h) a product encoded by th gene portion of (g) ; 

and 

i) a non-peptide mimetic of the protein product 

encoded by (g) • 
In another aspect, the invention features an anti- 
10 inflammatory drug, comprising an inhibitor of the 
activity of the ICE gene or protein, or inhibitory 
portion thereof, selected from the group consisting of: 

a) a portion of the ICE gene; 

b) a product encoded by a portion of the ICE 
15 gene; 

c) a portion of the ced-3 gene; 

d) a product encoded by a portion of the ced-3 
gene; 

e) a portion of a gene which is structurally 
20 related to the ced-3 gene and ICE gene; and 

f ) a product encoded by a portion of a gene 
which is structurally related to the ced-3 
gene and the ICE gene* 

Preferably, the anti-inflammatory drug Is an inhibitor 
25 selected from the group consisting of: 

a) DNA encoding an amino acid sequence of ICE 
shown in Fig. 6A (SEQ ID NO: 4) , selected 
from the group consisting of: 

1) zunino acids 1 to approximately 298; 
30 2} amino acids 1 to approximately ill; and 

3) an inhibitory portion of (a.l) and 
(a. 2); 

b) RNA encoded by DNA of (a) or an inhibitory 
subportion thereof; 

35 c) prot in having an amin acid s gu nc of ICE 

shown in Fig. 6A (SEQ ID NO: 4), s lect d 
from th group consisting of: 
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1) amino acids 1 to approximat ly 298; 
2} amino acids 1 to approximat ly 111; and 
3} an inhibitory portion of (c.l) and 
(C.2); 

5 d) a non-peptid mim tic of the prot in of (c) ; 

or the inhibitor is selected from the group 
consisting of: 
e) DNA having a nucleotide sequence of Fig. 3 
(SEQ ID NO: 1) , selected from the group 
10 consisting of: 

1) nucleotides 1 to approximately 5850; 

2} nucleotides 1 to approximately 3020; and 
3) an inhibitory portion of (e«l) and 
(e-2); 

15 f ) DNA encoding an amino acid sequence of the 

ced-3 protein shown in Fig. 6A (SEQ ID NO: 

2) , selected from the group consisting of: 

1) amino acids l to approximately 372; 

2) amino acids 1 to approximately 149; and 
20 3} an inhibitory portion of (f«l) and 

(f.2); 

g) RNA encoded by DNA of (e) ; 

h) RNA encoded by DNA of (f ) ; 

i) protein having an amino acid sequence of the 
25 Ced-3 protein shown in Fig. 6A (SEQ ID NO: 

2), selected from the group consisting of: 

1) amino acids 1 to approximately 372; 

2) amino acids 1 to approximately 149; and 

3) an inhibitory portion of (i.l) and 
30 (i*2); and 

k) a non-peptide mimetic of the protein of (i) ; 
or the inhibitor is selected from the group 
consisting of: 
1) protein encoded by a portion of a gene which 
35 is structurally relat d to the ced«*3 and ICE 

genes, said pr tein p rtion c rresponding to 
an amino acid sequenc of ICE shown in Fig* 
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6A (SEQ ID NO: 4), selected from th group 
consisting of: 

1) amino acids 1 t approximately 298; 

2) amino acids 1 to appr ximat ly 111; and 
5 3) an inhibitory portion f (1.1) and 

(1.2); 

m) DNA encoding the protein of (1); 

n) RNA encoding the protein of (1) ; and 

0) a non*-peptide mimetic of the protein of (1) • 
10 In related aspects, the invention features methods for 

treating inflammation, which includes administering the 

drug of a) - o) , immediately above. 

In another aspect, the invention features a method 

for altering the occurrence of cell death, which includes 
15 altering the activity of a cell death gene which is 

structurally related to C6d-3. Preferably, the 

structurally related gene is ICE* 

In another aspect, the invention features a drug 

for increasing cell deaths, which includes a molecule, or 
20 active portion thereof, selected from: 

a) DNA comprising a gene which belongs to the 
cdd-3/ICE gene family; 

b) RNA encoded by the DNA of (a); 

c) protein encoded by the DNA of (a) ; 

25 d) an agent which is structurally similar to and 

mimics the activity of the protein of (c) ; 

e) an agonist of the activity of a gene which 
belongs to the ced-3/ICE gene family; 

f ) DNA comprising a constitutively activated 
30 mutated form of a gene which belongs to the 

ced-3/ICE gene family; 

g) KNA encoded by the DNA of (e) ; 

h) protein encoded by the DNA of (e) ; 

1) an agent which is structurally similar to and 
35 mimics the activity of a pr t in encoded by 

th DNA of (e) ; and 
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j) an agonist of the activity £ a 

constitutively activat d inutat d form f a 
gene which belongs to the c d-3/ ICE gen 
family. 

5 In a related aspect, th invention features th drug f 
a) - f ) , immediately foregoing, wherein the gene which 
belongs to the ced-3/ICE gene family is ICE. Preferably, 
where drug is a constitutively activated mutated form of 
the gene which belongs to the ced^3 /ICE gene family 
10 encodes a carboxyl-terminal portion of a protein product 
of the wild-type gene, the carboxyl-terminal portion 
having a deletion of an amino-terminal portion which 
corresponds to an amino acid sequence of the C6d-3 
protein shown in Fig. €A (SEQ ID NO: 2), selected from 
15 the group consisting of: 

k) amino acids 1 to approximately 372; 
1) amino acids 1 to approximately 149; and 
m) an inhibitory subportion of (h) and (1) • 
More preferably, the protein product of the wild-type 
20 gene has sequences corresponding to the autocleavage 
sites of ICE and the protein product of the wild-type 
gene is selected from the group consisting of: 

n) the uncleaved form of the protein product; 
and 

25 o) the subunits corresponding to the active 

subxinits of ICE. 
In a related aspect, the invention features a method for 
reducing the proliferative capacity or size of a 
population of cells, including contacting the cells with 

30 the drug for increasing cell deaths selected from the 
immediately foregoing, group a) • j), under conditions 
suitable for activity of the drug. Preferably, the 
population of cells is selected from the group consisting 
of: 

35 a) cane r us cells; 

b) c lis which produc aut reactiv antibodies; 

c) inf cted c lis; 
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d) hair follicle cells; 

e) cells which are critical to the life of a 
parasite; 

f ) c lis which ar critical to the lif of a 
5 pest; and 

g) cells which are critical to the life of a 
recombinant organisn. 

In another aspect, the invention feattires a drug for 
decreasing cell deaths comprising a molecule selected 
10 from the group consisting of: 

a) single stranded nucleic acid having all or a 
portion of the antisense sequence of a gene 
which is structurally related to ced-3, said 
nucleic acid which is complementary to the 

15 mSNA of the gene; 

b) DNA which directs the expression of (a) ; 

c) a mutated form of a gene which is 
structurally related to ced-3, does not cause 
cell death and antagonizes the activity of 

20 the wild-type gene; and 

d) an antagonist of the activity of a gene which 
is structurally related to ced-3. 

Preferably, the structurally related gene is ICE. 

In a related aspect, the invention features a 

25 method for treating, in a human or other animal, a 
condition characterized by cell deaths, which method 
includes administering the drug of a) - d) , immediately 
foregoing, to the human or other animal under conditions 
suitable for activity of the drug. Preferably, the 

30 condition is selected from the group consisting of: 

a) myocardial infarction; 

b) stroke; 

c) degenerative disease; 

d) traumatic brain injury; 
35 ) hypoxia; 

f) pathogenic infect i n; and 

g) hair 1 ss. 
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In another aspect, th invention featur s a 
diagnostic pr be f r a dis as cheuracterized by cell 
deaths, comprising a molecul sel cted f r m th gr up 
consisting of: 

5 a) all or a p rtion of th c d-3 g ne (SEQ ID 

NO: 1) which is specific to said ced-J gene; 

b) KNA encoded by the c6d-3 gene; 

c) degenerate oligonucleotides derived from the 
amino acid sequence of the Ced-3 protein (SEQ 

10 ID NO: 2) ; 

d) an antibody directed against the Ced-3 
protein; 

e) all or a portion of the ICE gene (SEQ ID NO: 
3) which is specific to said ICE gene; 

15 f ) KNA encoded by the ICE gene; 

g) degenerate oligonucleotides derived from the 
amino acid sequence of ICE (SEQ ID NO: 4); 

h) an antibody directed against ICE; 

i) a gene which is structurally related to the 
20 ced-3 gene, or portion thereof specific to 

said structurally related gene; 
j) RNA encoded by the structurally related gene; 
Ic) degenerate oligonucleotides derived from the 
amino acid sequence of the protein product of 
25 a gene which is structurally related to 

C6d-3; and 

d) an antibody directed against the protein 
product of a gene which is structurally 
related to ced"-3» 
30 In related aspects, the invention provides methods for 
diagnosis of a diseases characterized by cell deaths, 
which included detecting an abnormality in the sequence 
of a gene which is structurally related to ced*3; or 
which includes detecting an abnormality in the activity 
35 fa gene which is structurally related to c 

Pr ferably, th structurally r lat d g ne is ICE. In 

an th r aspect, the invention pr vides a diagnostic probe 
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for an inflammatory diseas , which includes a molecule 
eel cted from the group consisting of: 

a) all r a portion of th c d-3 g n shown in 
Fig. 3 (SEQ ID NO: 1) which is specific to 

5 th ced-3 gene; 

b) RNA encoded by (a) ; 

c) degenerate oligonucleotides derived from the 
amino acid sequence of the Ced-3 protein as 
shown in Fig. 6A (SEQ ID NO: 2) ; 

10 d) an antibody directed against the Ced-3 

protein; 

e) a gene which is structurally related to the 
eed-3 and ICE genes, or portion thereof which 
is specific for said related gene; 
15 f) RNA encoded by (a); 

g) degenerate oligonucleotides derived from the 
zunino acid sequence of the protein encoded by 
(e) ; and 

h) an antibody directed against the protein 
20 encoded by (e) . 

In a related aspect, the invention featvires a method for 
diagnosis of an inflammatory disease, which includes 
detecting an abnormality in the sec[uence of a gene which 
is a member of the ced-3 /ICE gene family; or which 

25 includes detecting an abnormality in the activity of a 
gene which belongs to the ced-3/ICE gene family, or an 
encoded product thereof. Preferably, the gene which is a 
member of the ced-3 /ICE family is ced-3. 

In another aspect, the invention features an 

30 isolated substrate-specific protease having the amino 
acid sequence of the Ced-3 protein shown in Fig. 6A (SEQ 
ID NO: 2) . In a related aspect, the invention provides 
an isolated substrate-specific protease, consisting 
essentially of a protein product of a gene which is 

35 structurally relet d t the c d-3 and ICE genes. 

Preferably, th pr teas cl aves aft r aspartat residues 
or is a cysteine protease. 
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In anoth r aspect, the Inv nti n features is lat d 
ICE having an alterati n which r duces the activity of 
th enzya , the alt rati n s lected from the group 
con isting f: 
5 a) Lysin t Ph at amino acid 26; 

b) 61y to Arg at amino acid 65; 

c) Cys to Ala or Ser at amino acid 285; 

d) 61y to Ser at amino acid 287; 

e) 61u to termination at amino acid 324; 
10 f) Trp to termination at amino acid 340; 

g) Ala to Val at amino acid 361; 

h) 61u to Lys at amino acid 390; and 

i) Thr to Phe at amino acid 393. 

The invention also provides methods for inhibiting cell 
15 death by administering the ICE polypeptides of a}-i}, 
above. 

In related aspects, the invention provides 
isolated DNA which encodes a mutated ICE having the amino 
acid alterations specified in a) - h) , immediately 
20 foregoing, and RNA encoded by this DNA. 

In another aspect, the invention features an 
isolated gene belonging to the cdd-*3 /ICE family of 
structurally related genes which has a mutation 
conferring reduced activity of the gene, said mutation 
25 resulting in an amino acid alteration corresponding to an 
amino acid alteration of the Ced-3 protein which 
inactivates the Ced-3 protein. The product of the gene 
may be either RNA or protein. 

In another aspect, the invention features a 
30 constitutively activated cell death protein comprising an 
amino acid sequence of the Ced-3 protein shown in Fig. 6A 
(SEQ ID NO: 2), selected from the group consisting of: 
a) the amino acids from approximately 150 to 
503; 

35 b) the amino acids from appr ximat ly 373 t 

503; 
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c) the amino acids from approximat ly 150 to 
372; 

d) (b) and (c) together; 

e) an active subportion of (a) , (b) , and (c) ; 
and 

f ) combinations of a) -* e) . 

Preferably, the constitutively activated protein further 
includes a subportion of the region of Ced-3 from amino 
acids 1 to 149, as shown in Fig. 6A (SEQ ID NO: 2), which 
subportion which enhances and does not inhibit the 
activity of the protein. In related aspects, the 
invention features drugs for increasing cell deaths, 
including a molecule selected from the proteins of a) - 
f ) , immediately foregoing, or a nucleic acid encoding 
said protein. In a related aspect, the invention 
features isolated nucleic acid encoding the proteins a) - 
f ) , ixmediately foregoing. 

In another aspect, the invention features 
constitutively activated cell death protein having an 
amino acid sequence of ICE shown in Fig. 6A (SEQ ID NO: 
4), selected from title group consisting of: 

a) the amino acids from approximately 111 to 
404; 

b) the amino acids from approximately 298 to 
404; 

c) the amino acids from approximately 111 to 
297; 

d) (b) <md (c) together; 

e) an active subportion of (a) , (b) , and (c) ; 
and 

f) combinations of these. 

In a related aspect, the invention features isolated 
nucleic acid encoding a protein of a) - f ) , immediately 
foregoing. 

In another aspect, the invention f atur s a m thod 
for identifying a gen which is structurally r lated t 
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th c 9 ne and th ICE gene, comprising detecting a 
g ne with: 

a) a probe derived from the cBd^3 gene or a 
product encoded by th ced-*3 gene; and 
s b) a probe deriv d from the ICE gene or a 

product encoded by the ICE gene, and 
a method for identifying a gene which belongs to the ced- 
3 /ICE family of structurally related genes, comprising 
detecting a gene with a probe selected from the group 
10 consisting of: 

a) a probe derived from a gene which is 
structurally related to the ced^S gene and 
the ICE gene; and 

b) a probe derived from the consensus secjuence 
15 of a conserved region in genes belonging to 

the ced-3/ICE gene family. 
In related aspects, the invention provides isolated genes 
identified by these methods. Preferably, the isolated 
gene has a cell death activity, a protease activity, or 
20 both. 

In another aspect, the invention provides isolated 
DKA selected from the group consisting of: 

a) a region of a gene belonging to the ced*3/ICE 
family of structurally related genes which is 

25 conserved among two or more family members; 

and 

b) the consensus sequence of a conserved region 
in genes belonging to the ced-3/ ICE gene 
family, 

30 or encoded product thereof. 

In another aspect, the invention provides a method 
for identifying a gene which interacts with a ced-3/ICE 
gene belonging to this family, which includes identifying 
a mutation which enhemces or suppresses the activity of a 

35 cdd*3/ ICE g ne in a nematode, whereby the nhancing r 
suppressing mutati n is indicative f a g ne which 
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interacts with th c d-3/ICE gene. Preferably, the ced- 
3/ICE gen is s lected from the group consisting of: 

a) a wild-type c d-3 gene; 

b) a mutat d c d-3 g n , the nematod being a 
5 mutant nematod ; 

c) a transgene which is a wild-type form of said 
cdd-3/ ICE gene, the nematode being a 
transgenic nematode having an inactivated 
endogenous ced-3 gene; and 

10 d) a transgene which is a mutated form of said 

C6d-3/ICE gene, the nematode being a 
transgenic nematode having an inactivated 
endogenous ced-3 gene. In a related aspect, 
the invention provides an isolated gene 
15 identified by the above method. 

In another aspect, the invention provides a 
bioassay for identifying an agent which affects the 
activity of a gene belonging to the ced-3/ICE family of 
structurally related genes, comprising the steps of: 
20 a) introducing an agent into a transgenic 

nematode which expresses a cdd-3/ICE gene; 
and 

b) detecting an alteration in the occurrence of 
cell deaths in the transgenic nematode, 
25 wherein an alteration indicates that the 

agent affects the activity of the ced-3/ICE 
gene. 

Preferably, the ced-3/ICE gene is selected from a wild- 
type gene and a mutated gene. In a related aspect, the 

30 invention featvires an agent identified by the bioassay. 

In another aspect, the invention features an 
isolated protein having cell death activity and the amino 
acid sec[uence of the NEDD-2 protein shown in Fig. 6B (SEQ 
ID NO: 13), or an active portion thereof and isolated 

35 nucleic acid encoding the protein. In a related aspect 
the invention f atures is lat d NEDD-2 prot in having an 
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alteration which inactivates th prot in, said alteration 
selected fr m the group consisting of: 

a) Ala to Val at amino acid 117; 

b) Cys to Ser or Ala at amino acid 303; 
5 c) Glu to Lys at amino acid 483; and 

d) Ser to Phe at amino acid 486; and 
isolated nucleic acid encoding the protein. 

In another aspect, the invention features isolated 
protein which is structurally similar to Ced-3 and has an 
10 alteration at a conserved amino acid corresponding to an 
amino acid of the Ced-3 protein selected from the group 
consisting of: 



a) 


Ser 


183 


b) 


Met 


234 


c) 


Ara 


242 


d) 


Leu 


246 


e) 


lie 


247 


f) 


lie 


248 


9) 


Asn 


250 




Phe 


253 


i) 


Arg 


259 


i) 


GlV 


261 


^) 


Asp 


265 


1) 


Gly 


277 


m) 


Tyr 


278 


n) 


Val 


280 


o) 


Lys 


283 


P) 


Asn 


285 


q) 


Leu 


286 


r) 


Thr 


287 


8) 


Met 


291 


t) 


Phe 


298 




His 


304 




Asp 


306 


w) 


Ser 


307 




Leu 


310 


y) 


Val 


311 
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2) 




314 




His 


315 


bb) 


GlV 


316 


eel 


Tl 


321 


dd) 


GlV 


323 


06) 


He 


334 


f f ^ 




339 




Pro 


344 


hh) 


Leu 


346 


ii) 


Lys 


349 


jj) 


Pro 


350 




Lvs 


351 


11) 


Gin 


356 




Ala 


357 


nn) 


Cys 


358 


oo) 


Arc 


359 


Mrtri 


Glv 


360 




Asp 


371 


rx) 


AsD 


414 






429 


w wy 


Glv 


434 

~ w ni 






435 


w) 


He 


438 


w) 


Ala 


449 


xx) 


Val 


452 


yy) 


V 

Leu 


488 


aa) 


Tyr 


493 


aaa) 


Pro 


496 



isolated nucleic acid encoding these proteins. 

30 By asp-^ase is meant a protease which specifically 

cleaves a substrate after aspartate residues and 
therefore has a requirement for an aspartate in the PI 
position of the substrate pocket. For example, ICE, 
granzyme B, prICE, NEDD-2, CPP-32 (Fernandes-Alnemri et 

3S al., J. filol. Chem. 269:30761 (1994)), ICE-2, and ICE-4 
ar all asp*ases. Pref rably, th asp-as is ICE. 
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By inhibitors of asp-as s is m ant any compound 
which d cr as s th enzymatic activity of an asp^ase by 
more than 5%, mor pr f rably by more than 25%, and most 
pr ferably by mor than 60% und r standard in vitro assay 
5 condition. S e, for example, Th rnberry t al. 
(Thbrnberry at al.. Nature 356:768-774 (1992)) and 
Lazednik et al. (Lazednik et al., Nature 371:346-347 
(1994)) for appropriate assay conditions. Examples of 
several asp-ase inhibitors are provided herein* 

10 Brief Description of the Drawings 

Fig* 1 shows the physical and genetic maps of the 
C6d*3 region on chromosome IV. 

Fig. 2 sxunmarizes the experiments to localize ced- 
3 within C48D1. Restriction sites of plasmid C48D1 and 

IS siibclone plasmids are shown. Ced-3 activity was scored 
as the number of cell corpses in the head of LI young 
animals. -H-, the number of cell corpses above 10. 4-, 
the number of cell corpses below 10 but above 2. the 
number of cell corpses below 2. 

20 Fig. 3 shows the nucleotide sequence (Seq. ID #1) 

of ced-3 and deduced amino acid seqpience (Seq. ID #2). 
The genomic sequence of the ced-3 region was obtained 
from plasmid pJ107. The introns and the positions of 12 
ced-3 mutations are indicated. The likely translation 

25 initiation site is indicated by a solid arrowhead. The 
SLl splice acceptor of the SNA is boxed. Repetitive 
elements are indicated as arrows above the relevant 
sequences. Numbers on the sides indicate nucleotide 
positions. Numbers under the amino acid sequence 

30 indicate codon positions. 

Fig. 4A shows the genomic structure of the ced«3 
gene and the location of the mutations. The sizes of the 
Introns and exons are given in bp. The downward arrows 
indicate the positions of 12 EMS-induced mutations of 

35 c d-3. Th arrow pointing right indicates the dir ction 
f transcription. Th solid arrowhead indicates the 



translati n initiation sit • Th p n arrovh ad 
indicat s the terminati n codon. 

Fig. 4B shows the locations of the nutations 
r lativ to the exons (mmbered 1-7) and th encoded 
5 s rin -rich region in c 

Pig. 5 shows a Kyte-Doolittle hydrophobicity plot 
of the Ced-3 protein. 

Fig. 6A shows the alignment of the amino acid 
sequences of Ced-3 (Seq. ID #2) and human inter leukin-1^ 

10 convertase (ICE; Seq. ID #4). Vertical bars indicate 
identical amino acids and single and double dots indicate 
similar amino acids, where double dots signifies closer 
similarity than a single dot. The serine-rich region and 
inactivating mutations of Ced-3 are indicated. The 

15 active site and autocleavage sites of ICE are indicated* 
The portions of the Ced-3 protein encoded by the B6AFQ 
and PBA constructs are also shown. 

Fig. 6B shows the alignment of the amino acid 
sequences of Ced-3 (Seq. ID #2) and murine NEDD-2 (Seq. 

20 ID #13). Vertical bars and single and double dots 
signify degrees of similarity as in Figxire 6A« 
Inactivating mutations of Ced-3 are shown* 

Fig. 6C shows the alignment of the amino-terminal 
regions of the Ced-3 proteins of three nematode species 

25 (C. briggsae, C. elegans, and C. vulgaris) and mouse 
(Seq. ID #14) and human ICEs* A consensus seqpience is 
also shown. Amino acid positions with the same residue 
in more than half of the sequences are shaded. 
Completely conserved amino acids are also boxed. 

30 Fig. 6D shows the alignment of carboxyl-terminal 

regions of the three nematode Ced-3 proteins, human and 
mouse ICEs, and the nouse NEDD-2 protein. Except for 
NEDD-2, these sequences are contiguous with the 
corresponding sequences shown in Figure 6C« A consensus 

35 s quenc and amin acid conservation are also shown. 

Fig. 7 shows a comparison of the C d-3 prot ins of 
C. 1 gans (line 1; Seq. ID #2) and two r lat d nematod 



sp cles, C. briggsae (line 2; S g. ID #5) and C. vulgaris 
(lin 3; Seg. ID #6). The cons rved amino acids are 
indicated by Gaps insert d in the seguence for the 

* purpose f alignment ar indicated by 
5 Fig. 8 shows th inter leukin-1^ conv rtas cDNA 

seguence (Seg. ID #3). 

Fig. 9A shows a schematic representation of two 
fusion constructs that can prevent programmed cell death. 
Fig. 9B shows a schematic representation of the 
10 lac^*containing portion of the fusion constructs. 

Fig. 10 shows a schematic representation of the 
Cysteine 358 to Alanine construct and the decrease in all 
deaths conferred by the presence of this contruct in C. 
elegems. 

15 Figs. IIA-IIE show the effectiveness of peptide 

inhibitors of ICS in arresting motonetiron death. Fig. 
IIA shows the results obtained with Ac-YVAD-CHO. Fig. 
IIB shows the results obtained with a chloromethylketone 
peptide inhibitor of ICE (Ac-YVAD-CNK) ; Fig. IIC shows 

20 the results obtained with leupeptin, a control peptide 
aldehyde protease inhibitor (Ac-LLR-CKO) ; and Figs. IID 
and HE show the results obtained with a control 
chloromethylketone protease inhibitor, Tos*^Lys-CMK, (Fig. 
IID) or the membrane permeable calpain inhibitor Ed64 

25 (Fig. HE). 

Figs. 12A and 12B show that the inhibition of ICE 
delays the death of motoneurons. Fig. 12 A shows the 
effect of Ac-YVAD-CKO, and Fig. 12B shows the effect of 
Ac-YVAD-CHO. Results are expressed as % control, where 

30 control represents cultxires supplied with muscle extract 
at plating 

Fig. 13 shows that the effectiveness of the 
peptide aldehyde inhibitor of ICE (Ac-YVAD-CHO) for 
inhibition of motoneuron PCD in vivo is dose dependent. 
35 Fig. 14 shows that p ptide inhibitors of ICE 

prevent th cell death of hind limb interdigital cell 
death. 
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Fig. 15 shows ph tomicrographs f SCI 
innim positiv mot n urons cultxir d f r 6 days with 
muscle extract (Pan 1 C) , without muscl xtract (Pan 1 
D) , with muscle xtract and treated with the aldehyd 

5 peptid inhibit r f ICE(Ac-YVAD-CHO) as described in 
Example 4 (Panel E; arrows indicate two SCl 
inmunopositive motoneurons) , without muscle extract and 
treated with the peptide inhibitor of ICE (Panel F) , or 
initially plated without muscle, extract, treated with the 

10 peptide inhibitor of ICE, then treated with muscle 

extract at three days in culture (Panel G) . Scale bar > 
25 im. 

Detailed Description of the Invention 

This invention is based on the discovery that the 

15 human enzyme inter leukin-1^ convertase (ICE) has 

significant structixral similarity to the protein product 
of the C. elegans cell death gene, ced-3. The activities 
of ced-3 and another cell death gene, ced~4, have been 
shown to be required for almost all the cell deaths which 

20 occur during the development of the nematode. ICE is a 
cysteine protease whose physiological significance has 
been thought to be related to its role in the maturation 
of one form of inter leukin-1 (IL-1) , a major mediator of 
the immune and inflammatory response (Fuhlbrigge et al,, 

25 in: The year in Xsmvuiology , Cruse and Lewis (eds.), 

Karger, Basel, 1989, pp. 21-37). There are two distantly 
related forms of IL-l, a and fi, of which the p form is 
the predominant species. ICE selectively converts pro- 
inter leu)cin- 1/9 to the active cytokine, IL-1/9. The 

30 production of active IL-1^ has been implicated in acute 
and chronic inflammatory diseases, septic shock, and 
other physiological processes, including wound healing 
and resistance to viral infection (Ray et al.. Cell 
59:597-604 (1992)). As a result of this discov ry, an 

35 enzyme which has been )cn wn to be involved in the 
inflaiamatory r sp ns and inf lammat ry dis ases is 
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Inplicated as having a role in c 11 death processes. 
This discovery is consist nt with the notion that cell 
death gen s equivalent to the nematod c d-3 gen 
function in a variety f organisms. The structural 
5 similarity betv en their gene pr ducts suggests that th 
ICE gene is a human equivalent of the ced-3 cell death 
gene. As further described below, the conservation of 
certain features of ICE in the Ced-3 protein further 
suggests that Ced-3 is a protease with a substrate* 

10 specificity similar to that of ICE. 

Furthermore, the identification of and ICE 

as structurally related genes (i.e., genes whose encoded 
products, or which themselves, are structurally similar) 
presents the possibility that a family of stzructurally 

15 related genes exists and provides probes to identify 
additional members of this ced*-3 /ICE gene family. 
Comparison of the genes within this family could indicate 
functionally important features of the genes or their 
gene products, and thus, provide information for 

20 designing drugs which are useful for treating conditions 
characterized by cell deaths and/or inflammatory disease. 

This discovery provides novel drugs based on the 
ced-3, ICE and other ced-*3/ICE genes and encoded products 
that inhibit the production of IL^lfi and are useful for 

25 treatment (preventive and therapeutic) of acute and 
chronic inflammatory disease, as well as drugs which 
reduce cell deaths and are useful for treatment of 
diseases and conditions involving cell deaths (such as 
myocardial infarction, stroke, traumatic brain injury, 

30 viral and other types of pathogenic infection, 

degenerative diseases, aging, and hair loss). These 
drugs may also be useful for treating leulcemias in which 
IL-1/9 has been implicated. 

Drugs or agents which increase cell deaths can 

35 also be d velop d bas d n th c d-3, ICE, and r lat d 
g n s and gen products; such drugs r ag nts may be 
useful for killing r incapacitating undesir d cell 
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populati ns (such as cane reus c lis, inf ct d cells, 
cells which produce aut reactiv antibodies and hair 
follicl c lis) r undesir d organisms (such as pests, 
parasit s, and gen tically engin ered rganisms) . Drugs 
5 ar also provided which increas IL-l/J pr ducti n and, 
therefore, the inflammatory and immune response. These 
drugs may be helpful for providing increased resistance 
to viral and other types of infection. 

Also described herein is the discovery that fusion 

10 constructs containing amino-terminal portions of the ced- 
3 gene can inhibit the activity of the intact gene when 
expressed in otherwise wild-type worms. Due to the 
similarity between ICE and Ced-3, it is likely that the 
corresponding amino-terminal portions of the ICE gene 

15 will also inhibit the enzymatic activity of ICE in 

cleaving inter leukin-lp. Thus, novel inhibitors of the 
ced-3 and ICE genes are provided which may be useful for 
decreasing cell deaths and/ or inflammation involved in 
various pathologies. 

20 This work has also shown that Ced-3 and the mxurine 

NEDD-2 protein are structurally similar. Thus, drugs for 
increasing or decreasing cell deaths can be developed 
based on the NEDD-2 gene and its encoded products. 
The above'^described discoveries, and their 

25 implications, and novel drugs and treatments for diseases 
related to cell death and/or inflammation arising 
therefrom are described in further detail below. 

As used herein, the activity of a gene is intended 
to include the activity of the gene itself and of the 

30 encoded products of the gene. Thus, drugs and mutations 
which affect the activity of a gene include those which 
affect the expression as well as the function of the 
encoded SNA and protein. The drugs may interact with the 
gene or with the RNA or protein encoded by the gene, or 

35 may xert th ir effect m r indir ctly. 

It is underst od that many f th methods used 
h rein may be utilized in a th rap utic cont xt. Where 
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th th rapeutic c mpound is DNA it is underst od that 
n th d known in the art of gene therapy may b employed 
f r th rapeutic drug d livery. For example, in vivo r 
X vivo methods may be used to provid DNA encoding 
5 therapeutic peptides which prevent c 11 d ath to rgans 
and tissues used for transplantation. Similarly, such 
techniques may be used to administer nucleic acid to a 
patient suffering a cell death disease. Where peptide 
and peptide mimetics are to be employed standard 
10 techniques known in the pharmaceutical art may be used to 
determine the most effective dosage and route of 
delivery. 

The C. QlBgans ced*3 gene was cloned by mapping 

15 DNA restriction fragment length polymorphisms (RFLPs) and 
chromosome walking (Example 1; Figiore 1). The gene was 
localized to a 7.5 kb fragment of cloned genomic DNA by 
complementation of the ced^S mutant phenotype (Figure 2} • 
A 2.8 kb transcript was further identified. The ced*3 

20 transcript was found to be most abundant in embryos, but 
was also detected in larvae and young adults, suggesting 
that ced-3 is expressed not only in cells undergoing 
programmed cell death. 

A 2.5 kb cDNA corresponding to the ced*3 mRNA was 

25 sequenced. The genomic sequence cloned in the plasmid 
pJ107 was also determined (Figure 3; Seg« ID #1). A 
comparison with the cDNA sequence revealed that the ced-3 
gene has 7 introns which range in size from 54 to 1195 bp 
(Figure 4A) • The four largest introns, as well as 

30 sequences 5' of the start codon, contain repetitive 

elements (Figure 3), some of which have been previously 
characterized in non-^coding regions of other C« elegans 
genes such as fem-l (Spence et al*/ Cell 50:981*990 
(1990)), lin-12, and myoD (Krause et al., Cell 63:907-919 

35 (1990)), The transcripti nal start site was also mapped 
(Figur 3) , and a c d-3 transcript was f und to be trans- 
spliced t a C. I gems splice leader, SLl. 
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Tw Iv EMS-induced ced~3 all les were also 
segu nc d. Eight of th nutations ar missens 
mutations, thre are nons ns nutations, and one is a 
putative splicing nutation (Tabl 1) . This 
5 id ntification f ceef-J null all les, togeth r with 
results of genetic analysis of nematodes homozygous for 
these null nutations in eed-3, indicate that, like CBd-4, 
ced'3 function is not essential to viability. In 
addition, 10 out of the 12 nutations are clustered in the 

10 carboxyl-teminal region of the gene (exons 6-8, Figure 
4B) , suggesting that this portion of the encoded protein 
nay be important for activity. 

The ced-3 gene encodes a putative protein of 503 
amino acids (Figure 3; Seq. ID /2) . The protein is very 

15 hydrophilic and no significantly hydrophobic region can 
be found that might be a transmembrane domain (Figure 5) . 
One region of the Ced-3 protein is very rich in serine 
(Figure 6A) . Conparison of the C. elegans protein with 
the Ced-3 proteins of two related nematodes species, C. 

20 briggsae and C. vulgaris, shows conservation of the 
serine-rich feature without conservation of the amino 
acid sequence in this region (Figure 7; Seq. ID #5-6). 
This suggests that the exact sequence of this serine-rich 
region may not be important but that the serine-rich 

25 feature is. This hypothesis is supported by analysis of 
ced-3 mutations: none of 12 EMS-induced ced-3 mutations 
is in the serine-rich region (Figure 4B) . It is possible 
that the serine-rich region in Ced-3 is another example 
of semi-specific protein-protein interaction, similar to 

30 acid blobs in transcription factors and basic residues in 
nuclear localization signals. In all these cases, the 
exact primary sequence is not important. 

The serine-rich region may function as a site for 
post-translational regulation of Ced-3 activity through 

35 prot in ph sph rylation of th s rine residu s by a 

Ser/Thr kinase. McConk y et aZ. (J. Immanol. 145:1227- 
1230 (1990)) hav shown that ph rbol sters, which 
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stimulat pr tein kinas c, can block the d ath f 
cultured thym cytes Indue d by exposure to Ca**^ i noph r s 
or glucoc rticoids (Wylli , Nature 284:555-556 (1980); 
Wylli t al., J. Path. 142:67-77 (1984)). It is 
5 p sslble that prot in kinase C may inactivate ceirtain 
cell death proteins by phosphorylation and, thus, inhibit 
cell death and promote cell proliferation. Several 
agents that can elevate cytosolic cAMP levels have been 
shown to induce thymocyte death, suggesting that protein 

10 kinase A may also play a role in mediating thymocyte 
death. Further evidence suggests that abnormal 
phosphorylation may play a role in the pathogenesis of 
certain cell-degenerative diseases. For example, 
abnormal phosphorylation of the microtubule-associated 

15 protein Tau is found in the brains of Alzheimer's disease 
and Down's syndrome patients (Grundke-Iqbal et al.^ Proc. 
Natl. Acad. Sci. VSA 83:4913-4917 (1986); Flament et al.. 
Brain Rbs. 515:15-19 (1990)). Thus, it is possible that 
phosphorylation may have a role in regulating programmed 

20 cell death in C. elegems. This is consistent with the 
fairly high levels of ced-3 and ced-4 transcripts which 
suggest that transcriptional regulation alone may be 
insufficient to regulate programmed cell death. 

Structural Relfttgdnegg of thg and H\man 
25 intgrl9\aHin-lg gonv^rtag? ggngg and fungtional 

Implications 

A search of GenBanlc, PIR and SNISS-PROT databases 
using the Blast program (National Center for 
Biotechnology Information) revealed that human 

30 inter leukin- 1/9 convertase (ICE) has a 28% amino acid 
identity with the Ced-3 protein (Figure 6A) . A 
comparable level of overall similarity was found between 
ICE and the Ced-3 proteins from two other nematode 
speci 8, C* briggsa and C. vulgaris • 

35 Th carboxyl-t rminal r gi ns f C d-3 and ICE 

(amino acids 250-503 and amino acids 166-404, 
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resp ctively) were found to be mor conserved (33% 
identity) than the amino-t rminal portions of th two 
prot ins (22% identity) • A comparison f htiman and 
murine ICEs also indicat d a high d gr of similarity 
5 (80% identity) in the carboxyl-t rminal regi n compared 
with an overall identity of 62% (Cerretti ot al., Scimncm 
256:97-100 (1992)). Furthermore, deletion analysis of 
the ICE cDNA sequence has shown that the amino-terminal 
119 amino acids of ICE are not required for enzymatic 

10 activity, but that deletions of the carboxyl -terminal 
region eliminate the enzyme's ability to process pro-IL- 
1^ (Cerretti et al., 1992 supra). The observation that 
most of the inactivating mutations of cmd-S cluster in 
the carboxyl-terminal region (Figure 4B) suggests that 

15 the activity of Ced-3 also resides (at least partially) 
in this region. Thus, the identification of the 
carboxyl-terminal regions of the two proteins as 
functional domains and the marked similarity of these 
regions suggest that the Ced-3 and ICE proteins have 

20 similar activities, i.e., that ICE has cell death 

activity similar to Ced-3 and Ced-3 has protease activity 
similar to ICE. 

The possiblity that Ced-3 has protease activity is 
further supported by the observation that the region 

25 surrounding the active cysteine and two autocleavage 

sites of ICE appear to be conserved in the Ced-3 protein. 
As shown in Figure 6A, the five amino acids (QACRG, amino 
acids 283 to 287) surrounding the active cysteine of ICE 
(Thornberry et al., ffatUTB 3S6t76B^n4 (1992)) are 

30 conserved in amino acids 356 to 360 of Ced-3; this 
pentapeptide is the longest conserved sequence between 
ICE and Ced-3. This peptide is also conserved in the 
Ced-3 proteins of C. briggsae and C. vulgaris (Figure 7) . 
One inactivating mutation of CBd^3, n2433, introduces a 

35 glycine to s rine change near the putative active 
cysteine (Figure 6A) . Exampl 3 demonstrat s that 
mutati ns of the activ cysteine decreas c 11 death. 
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Acc rdlngly, one may predict that mutation of the active 
cyst Ine In ICE (Cys 285) will yield a therapeutic which 
d cr ases cell d ath« 

Th human ICE gen enc d s a precurs r nzym 
s which Is autopr t olytlcally cl av d at tw major sites 
(amino acids 103 and 297) by the active form of the 
enzyme (Thornberry et al . , 1992 supra) • The Asp-Ser 
dlpeptldes of both autocleavage sites are conserved In 
Ced-*3 (at amino acids 131 and 371) (Figure 6A) . The 

10 conservation of these functionally Important sequences 
strongly suggests that, like ICE, Ced-3 Is a cysteine 
protease with a similar substrate-specificity* Ced-3 
would, therefore, be expected to cleave the IL-lfi 
precursor, as well as other substrates of ICE. 

15 The possibility that ICE Is a cell death gene Is 

consistent with evidence which suggests that the 
production of active IL^lp is involved with cell death 
processes. Firstly, a variety of studies has suggested 
that IL-ljB can prevent cell death (McConkey et al., J. 

20 Biol. Chem. 265:3009-3011 (1990); Hangan et al., J. 
Immm. 146:1541-1546 (1991); Sakal et al., J. Exp. Med. 
166:1597-1602 (1987); Cozzollno et al., Proc. Natl. Acad. 
Sci. VSA 86:2369-2373 (1989)). Secondly, active, nature 
IL-1/9 appears to be released from cells undergoing cell 

25 death. Studies on murine macrophages suggest that 

release of the active form seems not to be merely due to 
the lysis of the cells or leaking of cell contents. When 
murine peritoneal macrophages were stimulated with 
llpopolysaccharlde (LPS) and Induced to undergo cell 

30 death by exposure to extracellular ATP, mattire active IL- 
1^ was released into the culture supernatant* In 
contrast, when the cells were injured by scraping, IL-1/3 
was released exclusively as the Inactive profoxrm 
(Hogguist et al., Proc. Natl. Acad. Sci. USA 88:8485-8489 

35 (1991)). 

Th similarity betw en ICE and Ced-3 strongly 
supports th hypothesis that ICE is involved in cell 
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death. Since Ced-3 is n cessary for c 11 death, one 
sugg sti n is that ICE is also nec ssary f r cell death. 
It is possibl that IL-1^ can caus c 11 death. 
Alt rnativ ly, ICE could produc products besides IL-1/9, 
5 on or Bor of which can caus cell death. Th 

observation that the ICE transcript is detected in cells 
that lack IL-liS expression (Cerretti at al., 1992 supra) 
supports this idea. Example 4 demonstrates that known 
inhibitors of ICE may be administered to prevent cell 

10 death in mammals, particularly motor neuron cell death. 
The finding of a human gene related to the 
nematode cad*-3 gene is consistent with the idea that cell 
death genes which are structurally related and/or 
functionally similar to the nematode ced-3 gene exist in 

15 a variety of organisms. This idea is supported by 
evidence that cell deaths occurring in a variety of 
organisms, including vertebrates and invertebrates, and 
possibly microbes and plants, as well as cell deaths 
observed in various developmental and pathologic 

20 situations share a common genetic mechanism. Evidence 
for this hypothesis is discussed in Example 2. The 
structiural relatedness of ICE suggests that it is a 
mammalian equivalent of the nematode cell death gene, 
ced-3. The cDNA sequence of ICE is shown in Figxire 8 

25 (Seq. ID #3). 

The ICE and ced-J genes can be used to isolate 
additional structtirally related genes, including genes 
from other organisms. Such genes may be identified using 

30 probes derived from both the ced-3 and ICE gene sequences 
and known techniques, including nucleic acid 
hybridization, polymerase chain reaction amplification of 
DNA, screening of cDMA or genomic libraries, and antibody 
sere ning of expression libraries. Th probes can be all 

35 r portions of the genes which ar sp cific to the gen s, 
RNA encod d by the g n s, deg n rate oligonucl otid s 



deriv d from the sequences of the encoded prot ins, and 
antibodies direct d against th encoded proteins. The 
seguenc s of the genes and th ir prot in products can 
als be used to screen DNA and protein databas s for 
5 structurally similar genes or prot ins. 

One strategy for detecting structurally related 
genes in a ntimber of organisms is to initially probe 
animals which are taxonomically closely related to the 
source of the probes, for example, probing other worms 

10 with a ced-3 -derived probe, or probing other mammals with 
an ICE-derived probe. Closely related species are more 
likely to possess related genes or gene products which 
are detected with the probe than more distantly related 
organisms. Sequences conserved between or ICE and 

15 these new genes can then be used to identify similar 
genes from less closely related species. Furthermore, 
these new genes provide additional sequences with which 
to probe the molecules of other aniiaals, some of which 
may share conserved regions with the new genes or gene 

20 products but not with the original probe. This strategy 
of using structurally related genes in taxonomically 
closer organisxAS as stepping stones to genes in more 
distantly related organisms can be referred to as walking 
along the taxonomic tree, 

25 Together, ced-S, ICE, and related genes obtained 

as described above would comprise a family of 
structurally related genes, referred to herein as the 
ced-3/ICE gene family. It is highly likely that at least 
some of these additional family members would exhibit 

30 cell death and/or protease activity. The new genes can 
be tested for protease activity using kno%m assay 
methods. For example, the sec[uence of the protein 
encoded by a new gene may Indicate an active site and 
substrate-specificity similar to that of ICE, such as 

35 bserv d in C d-3. This activity can then be verifi d 
using th transient expr ssi n assays and purified enzym 
assays previ usly d scribed (Cerretti t al,. Science 
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255:97-100 (1992); Thornb rry t al., Natur 355:768-774 
(1992)). C 11 d ath activity can b tested in bioassays 
using transgenic nemat des. A candidat cell death g ne, 
such as the ICE gene, can b inj ct d into C d-3- 
5 d f icient mutant animals to determin whether th gen 
complements the c6d-3 mutation. Expression libraries can 
also be screened for cell death genes by this assay. 

The ced-3, ICE and other related genes which have 
cell death activity can be used to develop and identify 

10 drugs which reduce or increase cell deaths. Drugs which 
reduce cell deaths are potentially useful for treating 
diseases and conditions characterized by cell deaths, 
such as myocardial infarction, stroke, viral and other 
pathogenic infections (e.g., hviman immunodeficiency 

15 virus) , traumatic brain injxiry, neural and muscular 

degenerative diseases, and aging. Drugs which cause cell 
deaths can be used to control or reduce undesired cell 
populations, such as neoplastic growths and other 
cancerous cells, infected cells, and cells which produce 

20 autoreactive antibodies. Undesired orgemisms, such as 
pests, parasites I and recombinant organisms, may also be 
incapacitated or killed by such drugs. 

ICE has been implicated in the growth of certain 
leukemias (SaJcai et al., J. Exp. Med. 166:1597 (1987); 

25 Cozzolino et al., Proc. Natl. Acad. 5ci. U.S.A. 86:2369 
(1989); Estrov et al.. Blood 78:1476 (1991); Bradbury et 
al., Leulcemia 4:44 (1990); Delwel et al.. Blood 74:586 
(1989); Rambaldi et al.. Blood 78:3248 (1991)). The 
observation that the human ICE gene maps to chromosome 

30 location llg23, a site frequently involved in DNA 

rearrangements seen in human cancers (C. Cerretti et al.^ 
Science 256: 97-100 (1992)), further suggests that ICE is 
involved In cancer. The finding that ICE probably 
functions in cell death implies that ICE and other 

35 r lated gen s, lik c may be used to d velop drugs 

to c ntr 1 cane reus growth. 
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In additi n, since c 11 death plays an important 
r le in mammalian hair growth, it seems lik ly that by 
c ntrolling cell d ath, ne c uld cause or pr v nt hair 
1 ss. It has been £ und that bcl-2, a human gen which 

5 is structurally related t the g n which prev nts cell 
deaths in nematode development (ced-9) , is expressed in 
the hair follicle in a cell-cycle dependent manner, ced- 
9 has been shown to act by antagonizing the activities of 
the cell death genes, ced-3 and ced-4. Together, these 

10 findings suggest that genes equivalent to the ced-3, ced- 
4, and cdd-9 genes are involved in the physiology of 
mammalian hair growth and loss. 

Drugs which increase cell deaths may comprise 
ced-3, ICE, and other ced-3 /ICE family members, their BNA 

15 and protein products, constitutively activated mutants of 
the genes and encoded products, and peptide and non- 
peptide mimetics of the proteins. Drugs which decrease 
cell deaths may comprise antisense RNA complementiury to 
the mRNA of a cell death gene, or mutant cell death genes 

20 or encoded products, that no longer cause cell death and 
interfere with the function of wild-type genes. 
Furthermore, drugs comprising agonists and antagonists of 
the cell death genes can be designed or identified using 
the genes or their gene products as teurgets in bioassays. 

25 The bioassays can be conducted in wild-type, mutant, or 
transgenic nematodes, in which an alteration in 
programmed cell deaths is an indicator of an effective 
agonist or antagonist. Bioassays can also be performed 
in cultured cells transfected with the target cell death 

30 gene, into which the substance being tested is 

introduced. In bioassays for antagonists of cell death, 
the cultvired cells should be put under conditions which 
induce the activity of the target cell death gene. 
Uses of bioassays utilizing C. elegans are 

35 exemplifi d by the f 11 wing: 
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1) use of normal, wild-typ nematodes to screen 
f r drugs or gen s that inactivate c d-3 and h nee, 

pr V nt programm d c 11 deaths; 

2) use of normal, wild-typ nematodes to screen 
5 f r drugs or genes that activat ced-3 and h nc , caus 

excess cell deaths; 

3) use of mutant nematodes which overexpress cod- 
3 or which express a constitutively activated ced-3 gene 
to identify drugs or genes that prevent excess cell 

10 deaths caused by the ced-5 mutation; 

4) use of mutant nematodes which underexpress 
ced-5 or which express an inactivated cad-3 gene to 
identify drugs or genes that mimic or complement the ced- 
3 mutation; 

15 5) use of transgenic nematodes (with an 

inactivated endogenous ced-3 gene) in which either a 
wild-type or mutant form of ICE or other ced-3 /ICE family 
member causes excess cell deaths to identify drugs or 
genes which antagonize the activity of the transgene; and 

20 6) use of transgenic nematodes which carry a 

transgene that inhibits cell death (e.g., a transgene 
that expresses an inhibitory fragment of ced-3 , ICE or 
related gene, as described below) to identify drugs that 
overcome this inhibition and cause cell death. 

25 Drugs can be introduced into nematodes by 

diffusion, ingestion, microinjection, shooting with a 
particle gun or other methods. They can be obtained from 
traditional soiirces such as extracts (e.g., bacterial, 
fungal or plant) and compound libraries, or can be 

30 provided by newer methods of rationale drug design. 
Information on functionally important regions of the 
genes or gene products, gained by secpience comparisons 
and/or mutational analysis may provide a basis for drug 
design. Genes can be microinjected into nematodes to 

35 produce transgenic nematodes. Individual genes or cDNA 
and g nomic DNA librari s can be sere ned in this manner . 
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Ag nlsts and antagonists may also b d rlv d from 
g n s which are not cell d ath g n s, but which Interact 
with, r gulat or bypass c 11 d ath g nes. Such 
Interacting g nes may be tested by th bl assays 
5 mention d above, as w 11 as by in vivo genetics In 

nematodes. In this latter method, Interacting genes are 
identified as secondary mutations which suppress or 
enhance the C6d*3 mutation. The sequences of these 
interacting genes can then be used to identify 
10 structurally related interacting genes in other 
organisms. 

Similarly, anti^inflammatory drugs may be 
developed or identified using C6d-3, ICE and other family 
members and their encoded products. Drugs which enhance 

15 ICE activity may also be useful for boosting the 
inflammatory response to viral and other Infections. 

In addition, the availability of a number of 
structxirally related genes makes it possible to carry out 
structural comparisons. Conserved regions or features of 

20 the genes or their encoded products are likely to be 
functionally significant for cell death and/or protease 
activity. This information could be helpful in designing 
or selecting drugs which would mimic or affect the 
activity of the genes. 

25 Moreover, conservation of functional domains among 

ced--3/ICE family members or their encoded products 
suggests not only that these genes have similar 
activities, but that they and their encoded products 
function via similar mechanisms* This suggests that 

30 mutations in conserved regions, mimetics based on 
conserved regions, and agonists and antagonists which 
affect the function of conserved regions of one ced-3/IC£ 
gene or encoded protein will similarly affect other genes 
or encoded proteins in the family. This is the rationale 

35 behind the us of Ced-3 inhibitors t inhibit ICE and 
inflammation, and th us of emti-inflammatory drugs 
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tog ther with th cleavage site of pro-IL-lp, reveals 
that cleavag always occurs after an Asp residue, F r 
this reason, it is likely that C ICE, and relat d 

prot ins are pr teas s which cleave after some aspartate 
5 r sidues or, perhaps at 1 w r efficiencies, all aspartat 
residues. 

A fxirther use of ced-3/ ICE family members is to 
provide diagnostic probes (DNA, RNA, oligonucleotides and 
antibodies) for diseases involving cell deaths and 

10 inflammation in humans and other organisms. It is likely 
that such diseases are associated with abnormalities in 
cdd-3/ICE genes and their gene products. The probes can 
be used to detect abnormalities in the sequence, level 
and/or activities of the genes and encoded RNA and 

15 protein products. The diseases may be genetic, in which 
case, the probes may be used in patient and pre-natal 
testing, or non*genetic, in which case, RNAs and proteins 
may be examined* In particular, the finding that ICE is 
a putative cell death gene makes this gene and its 

20 derivative molecules potentially useful as diagnostic 
probes for diseases characterized by cell deaths. 
Simil2u:ly, ced-S and its derivative molecules are 
potentially useful for detecting abnormalities in 
pathologies in which inflammation is evident. The 

25 usefulness of these probes may be multiplied as more 
genes with known physiological functions are found to be 
structurally related to ced-3 and ICE. 

Stryctvigfll Rglatgdnggg 9f and thg tmrin? NSDD-2 

Gene 

30 Database searches also revealed that another 

mammalian protein is similar to the Ced-3 protein (Figure 
6B) . The murine NEDD-2 (lch-1) protein has 27% amino 
acid identity and 55% similarity to a carboxyl-terminal 
p rtion of Ced-3. The NEDD-2 prot in is expressed in th 

35 brain of m use embryos and much less in the murin adult 
brain; the protein is thought to be involved in th 
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d vel pment f the murin central nervous system (Kiimar 
t al., Bioch m. Biophys. Res. Comm. 185(3) :1155-1161 
(1992)). Th structural similarity between the NEDD-2 
and c d-3 gen pr ducts sugg sts that th NEDD-2 gene is 
5 also involved in cell d ath pr cess s which occur dxiring 
development, and further supports the hypothesis that 
genes which are structurally and functionally related to 
the nematode ced-3 gene function in a variety of 
organisms. Interestingly, the NEDD-2 amino acid sequence 

10 is not significantly similar to that of himan ICE. 

The similarity of the amino acid sequences of Ced- 
3 and NEDD-2 further suggests that mutations of the NEDD- 
2 gene which produce alterations in the protein 
corresponding to alterations in Ced-3 resulting from the 

15 mutations, nll29, nll64, n2426 and nll63 (see Figure 6B) , 
will inactivate the NEDD-2 gene. 

This invention includes all and portions of the 
NEDD-2 gene, mutated NEDD-2 genes corresponding to known 
ced-3 mutations, RNAs and proteins encoded by the wild- 

20 type and mutated genes, and mimetics and other drugs 
derived from these genes and gene products, which are 
useful for controlling cell death. 

Figures 6C and 6D show alignments of the amino- 
terminal and carboxyl-terminal regions, respectively, of 

25 the Ced-3 proteins of the three nematode species (C. 
briggsae, C. elegans, and C. vulgaris), the human and 
miirine ICEs and the murine NEDD-2 protein (in 6D only). 
As shown in these figures (boxed portions) , a nximber of 
amino acids are completely conserved among these 

30 structurally related proteins, and thus, are likely to be 
importemt functionally. Mutations of these sites would 
be expected to alter the activity of the genes. 

inhlbitorv Portions of the ced-3 Gene 

Fusi n constructs c ntaining p rtions of th c d-3 
35 g n were f und to pr v nt progreuomed cell death when 
express d in wild-typ C. el gans. These constructs are 
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represent d echematlcally in Figure 9A» The BGAFQ 
c nstruct c ntains a porti n f th c d-3 gen fus d 5' 
of the coli IncZ gene and anoth r ced-*3 porti n fused 
3' of lacZ. Th 5' c d-3 portion is th genomic sequence 
5 from a BaisHI site located about 300 bas pairs upstream 
of nucleotide 1 of the sequence shown in Figure 3 to a 
Sail site at nucleotide S8S0. This portion spans, 
sequences 5' of the SLl acceptor site (nucleotide 2161) 
to include the 372 codons of the amino-terxainal region. 

10 The 3' ced^3 portion of BGAFQ is the genomic sequence 
from a Notl site at nucleotide 5927 in the ced-3 gene to 
an Apal site located about 1,5 kb downstream of 
nucleotide 7653 of the sequence in Figure 3* This 
portion contains the carboxyl-terminal codons from 398 to 

15 the end (codon 503) and 3' untranslated sequences. 

The PBA construct has a smaller portion of the 
ced-3 gene which is the genomic segfuence from the same 
BaniHI site as in BGAFQ to a Bglll site at nucleotide 3020 
(Figure 9A) fused 5' of the lacZ gene. This ced*3 

20 portion spans sequences 5' of the SLl acceptor site to 
include the first 149 codons of the amino-terminal 
region. 

Both constructs were made using the pBluescript 
vector (Stratagene) and fragments containing the lacZ 

25 construct from the pPD vectors of Fire (SMBO J. 5:2673- 
2690 (1986)). The Iac2-containing portion has the entire 
lacZ coding sequence except for the first 11 codons. In 
addition, there is a synthetic intron and a nuclear 
localization signal upstream of the lacZ gene and a 

30 fragment of the 3' end of the unc-54 gene downstream of 
the lacZ gene (Figure 9B) . Construct PBA was made by 
inserting a BamHI-Apal fragment containing the lacZ 
construct shown in Figure 9B from Andy Fire's vector r 
pPD22.04, into the Bglll-Apal fragment of the ced-3- 

35 containing plasmid, pJ40. C nstruct BGAFQ was mad by 
inserting a SaII-£agI fragment c ntaining the sam lacZ 
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construct from pPD22.04 into the SalJ-Notl fragm nt of 
pj40A, which is pJ40 without the i^otl sit in the v ctor. 

Table 2 shows the r suits f injecting wild-type 
nematodes with th two constructs. Th se results 
5 indicat that the BGAFQ and PBA fusion constructs pr v nt 
cell deaths which normally occur in the development of 
the nematodes. These fusion constructs were further 
observed to prevent cell deaths and the apparently 
associated inviability caused by a loss-of-function 

10 mutation in ced-9, a gene which functions to keep certain 
cells from dying during nematode development, and which 
has been shown to act by antagonizing ced-3 and second 
cell death gene, ced-4. 

Both constructs express ^-galactosidase activity 

15 in wild-type nematodes. Since the pBluescript vector 
does not contain eiikaryotic transcriptional or 
translational start sites, these signals are probably 
supplied by the ced-3 gene portions fused 5' ot lacZ, 
Furthermore, since the PBA construct works to prevent 

20 cell death, it seems that the cad-3 portion in BGAFQ 
needed for inhibition is the portion fused upstream of 
lacZ (as opposed to the portion located downstrezun of 
lacZ) . PresuffisOsly, only the region from the BamHI site 
to nucleotide 3020 is needed in BFA6Q, since this is all 

25 that is contained In PBA. 

A construct that contains the PBA ced-3 portion 
but not any of the lacZ portion did not prevent cell 
death, suggesting that fusion to portions of lacZ is 
needed for esqpression or action of the inhibitory gene 

30 portion. 

These observations indicate that the amino- 
terminal portion of the Ced-3 protein, possibly in 
conjunction with a portion of S, coli ^-galactosidase, 
can act to prevent programmed cell deaths in C. elegrans. 
35 One plausibl mechanism is that this portion of the Ced-3 
pr tein acts in a dominant n gative r antim rphic 
fashion, t prevent th activity f th n rmal C d-3 



- 52 - 

protein. (It is known that inactivation of th Ced-3 
protein r suits in an abs nee f pr graaia d c 11 d aths.) 
Such d minant n gativ activity c uld be a r suit of th 
partial C d-3 pr t in binding to and, thereby, 
5 inactivating the normal Ced-3 protein; consist nt with 
this model is the finding that the active form of the 
structurally similar ICE protein is dimeric. 
Alternatively, the partial Ced-3 protein may bind to a 
molecule with which the normal Ced-3 protein must 
10 interact to function and by preventing this interaction, 
inhibits Ced-3 activity. 

Due to the structural similarity of ICE to the 
Ced-3 protein, fusion constructs encoding amino-terminal 
pozrtions of ICE would also be expected to inhibit the 
IS activity of the ced-3 gene. In particular, those 

portions of the ICE gene corresponding to the ced-3 gene 
portions in B6AFQ and PBA, i.e., ICE codons 1 to 298 and 
codons 1 to 111, or active subportions of these, are 
expected to inhibit ced-3. A further extension of this 
20 reasoning suggests that corresponding gene portions of 
any structurally related ced-3 /ICE family member would 
also have an inhibitory effect on ced-3 activity. 

Furthermore, the structural relatedness of the 
ced-3 and ICE genes implies that the ICE enzyme could 
25 also be inhibited by fusion constructs containing amino- 
terminal portions of the ICE gene, as well as 
corresponding portions of other structurally related 
genes, such as ced-3. 

Identification of portions of the ced-3, ICE, and 
30 related genes which inhibit the ced-3 gene can be carried 
out by testing expression constructs containing these 
gene portions or their encoded products in bioassays for 
cell death activity. Identification of gene portions or 
encoded products which inhibit ICE can be carried out 
35 using pr viously d scrib d assays for ICE activity. For 
xampl : 1) wild-typ worms can be inject d with 
portions of th ced-3 or other structurally r lat d gen , 
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such as ICE, to d t rmln if th y pr v nt programmed cell 
d ath; 2) portions of th ICE prot in or other 
structurally similar protein, such as Ced*3, can be 
co-expr ssed with ICE and pro-IL-1^ in n matodes or 
5 cultur d mammalian cells to see if th y inhibit ICE* 
catalyzed cleavage of the IL-*1^ precxirsor; and 3) 
peptides or nucleic acids containing portions of the 
amino acid or coding secpience of ICE or similar protein, 
such as Ced-3, can be tested using purified ICE and 

10 synthetic substrates. 

Inhibitory portions of the gene, ICE, and 

structurally related genes, their encoded BNAs and 
proteins, and peptide and non-peptide mimetics of the 
proteins may be used to reduce cell deaths and/or 

15 inflammation, and are, thus, useful for the treatment of 
diseases involving these processes* The encoded proteins 
and peptide and non*peptide mimetics can be delivered by 
various Xnovn methods «md routes of drug delivery. For 
example, they can be administered orally or by another 

20 parenteral route or by a non-parenteral route (e.g., by 
injection intramuscularly, intraperitoneally or 
intravenously or by topical administration) • 
Alternatively, expression constructs containing the gene 
portions can be made using heterologous transcriptional 

25 and translational signals or signals native to the gene 
portions. The constructs can be delivered into cells by 
various methods of gene therapy, such as retroviral 
infection. These constructs (and any other constructs 
which encode activity decrease cell death) may be used 

30 for example, to prevent localized cell death at the site 
of organ and tissue transplantation. 

Interestingly, those ICE gene portions 
corresponding to the ced*3 portions of 66AFQ and PBA 
encode approximately the protein fragments which result 

35 from cleavage at each of the two autocleavage sites 
(amino acids 103 and 297) . This observati n suggests 
that autopr teolytic c nv rsion of th pr nzyme to 
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activ ICE involv s cleaving ff the inhibit ry anin - 
terminal p rti ns f th pr tein. Activ ICE is a 
h terodiner compos d of subunits of about 20 and 10 
kilodalt ns (Thornberry et al,, Watur 356:768-774 
5 (1992)}. Thes subunits have b en sh wn to be deriv d 
from the ICE proenzyme and correspond to amino acids 120 
to 297 (p20) and 317 to 404 (plO) . Kinetic studies 
suggest that association of the two subunits is required 
for activity of the enzyme. It is possible that the 

10 amino-terminal region of the protein interferes with this 
association. 

This implies that mutant proteins in which the 
inhibitory amino-terminal regions are deleted may be 
constitutively activated. Thus, carboxyl-terminal 

IS portions of the Ced-3, ICE, and related proteins, and 
constructs and RNAs expressing these portions, are 
potentially useful for increasing cell deaths and/ or IL- 
1^ production. Constructs which may be used include 
those which express the carboxyl region of ICE, which 

20 encodes the two subiinits of the active enzyme, as well as 
those which esqpress each of these subunits separately. 
In addition, it is possible that the amino region of ICE, 
which is not needed for ICE enzymatic activity in vitro, 
is iiqportant for ICE activity or the regulation of ICE 

25 activity in vivo. Consistent with this idea is the 
finding that two of the ced-3 mutations map in this 
region. For this reason, a construct which expresses the 
amino region of Ced-3, ICE or a Ced-3/ICE gene family 
member may also be used. Furthermore, the NEDD-2 

30 protein, which is similar to a carboxyl-terminal portion 
of the Ced-3 portion, may also exhibit constitutive 
activity in causing cell deaths. Thus, all or active 
portions of NEDD-2, and DNA and SNA encoding NEDD-2 
proteins, would be expected to produce cell death 

35 activity when es^ress d. Drugs comprising activated 
m 1 cul s derived from the carboxyl-terminal regions f 
Ced-3, ICE and oth r pr t ins f th Ced-3 /ICE family and 
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from th NEDD-2 pr t In, DNAs and RNAs encoding these 
proteins and protein fragments, as veil as peptide and 
non-peptide mimetics, ar pot ntially us ful for 
c ntr lling or reducing the siz of undesirable cell 
5 populations, such as cancerous cells, infected cells, 
cells producing autoreactive antibodies and hair follicle 
cells. Such drugs may also be useful for incapacitating 
or killing \indesired organisms, such as parasites, pests, 
and genetically engineered organisms. For example, a 
10 number of nematodes are hvman, animal and plant 
parasites. 

ICE Inhibitors As Inhibitors of Cell Death 

The conservation of the active site of ICE (active 
cysteine and surrounding amino acids) in the Ced-3 

15 protein implies that Ced-3 is a cysteine protease which 
interacts with its substrate by a similar mechanism. 
Hence, it is likely that Inhibitors of ICE which 
interfere with this mechanism, or chemical analogs of 
these inhibitors, will inhibit Ced-3 function and inhibit 

20 cell death resulting from ICE activity. 

Peptide aldehydes containing the ICE recognition 

site: 

P4~P3~P2~P1 
25 Tyr-Val-Ala-Asp 

or a substituted site in which P2 is Ala, His, Gin, Lys, 
Phe, Cha, or Asp, have been shown to be effective, 
specific, and reversible inhibitors of the protease 
activity of ICE (Thornberry et al., Nature 35tf: 768-774 

30 (1992)). These molecules are thought to act as 

transition analogs, which compete for ICE binding to its 
substrate, pro*IL<-l^. Three such inhibitors have been 
described: Inhibitor B (Ac-Tyr-Val-Ala-Asp-CHO) ; 
Inhibitor C (Ac-Tyr-D-Ala-Ala-Asp-CHO) ; and Inhibitor D 

35 (Ac-Tyr-Val-Lys-Asp-CHO) . Of thes , Inhibit r B is the 
most p tent, with a Ki«0.76 nM compared t K^-S nH f r D 
and K|^"-1.5 /df f r C. Example 4 provid s evidence that 
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these inhibitors may be used to prevent c 11 deaths in 
Buunnals • 

In additi n, the crnA gene of cowpox virus has 
been f und to need a b rpin which specifically inhibits 
5 ICE (Ray t al., Cell 69:597-604 (1992)). Th serpin 
acts by preventing the proteolytic activation of ICE. 
This inhibitor of ICE is also expected to inhibit 
8truct\irally similar proteins, such as Ced-3. The crmA 
gene and methods for obtaining purified CrmA protein have 

10 been described (Pickup et al., Proc. Natl, Acad. 5cl. USA 
83:7698-7702 (1986); Ray et ai., 1992 supra). This 
Invention includes the use of inhibitors of ICE, such as 
peptide aldehydes, and particularly inhibitor B, and the 
CrmA protein, as drugs for decreasing the activity of 

15 cell death genes and, thus, for treatment of diseases 
chzuracterized by cell deaths. 

The following examples illustrate the invention 
and are not intended to be limiting in any way. 
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EXAMPLE 1 

CTiOWTNG. SEQUENCING. AND CHARACTERIZATIPN PF 

THE CED'3 GENE 

MATERIALS AND METHODS 

5 General Methods and Strains 

The techniques used for the culturing of C. 
elogans were as described by Brenner (Genetics 77:71-94 
(1974)). All strains were grown at 20*C. The wild- type 
parent strains were C. elegems variety Bristol strain N2, 
10 Bergerac strain EH1002 (Emmons et al.. Cell 32:55-65 
(1983)), C. Jbriggrsae and c. vulgaris (obtained from V. 
Ambros) . The genetic markers used are described below. 
These markers have been described by Brenner (1974 
supra), and Hodgkin et al. (In: The Nematode 
15 Caenorhabditis elegans, Wood and the Community of C. 
elegans Researchers (eds.). Cold Spring Haurbor 
Laboratory, 1988, pp 491-584). Genetic nomenclature 
follows the standard system (Horvitz et al.. Hoi. Gen. 
Genet . 1 75 : 129-13 3 ( 1979 ) ) : 
20 LG I: ced'l(el375) ; unc-54(r323) 

L6 VI; unc~31(e92B) , unG-30(el91) , ced-3(n717, n7ie, 

nlOAO, nll29, nll63, nll64, nll65, nl2B€, nl949, 
n2426, n2430, n2433), unc-2e(e205) , dpy'4(ell6€) 
L6 V: egl-l(n986) ; unG'76(e911) 
25 LG X: dpy-3(e27) 

isolation of Additional Alleles of ced-3 

A non-complementation screen was designed to 
isolate new alleles of ced-3. Because animals 
heterozygous for ced-3 (n7l7) in trans to a deficiency are 
30 viable (Ellis and Horvitz, Cell 44:817-829 (1986)), 

animals carrying a complete loss-of-function ced-3 allele 
g nerat d by mutagen sis wer expect d to be viable in 
trans t c d-3(n717), ven if th n w allele was inviabl 
in homozyg tes. Fourteen ENS mutag niz d egl-I males 
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wore laat d with c d^3(n717) unc^26( 205); Bgl^l(n487) ; 
dpy^3( 27) hermaphr dit 8. egrl-I was used as a marker in 
this scr n. Dominant mutations in egl-l cause th two 
h rmaphrodite specific n urons, th HSNs, to und rgo 
5 programmed cell death (Tr nt t al., GaxiBtics 104:619-647 
(1983) )• The HSNs are required for normal egg-laying, 
and egl-l(n986) hermaphrodites, which lack HSNs, are egg- 
laying defective (Trent et al*, 1983 supra). The mutant 
phenotype of egi-l is suppressed in a ced-3; egi-l strain 

10 because mutations in ced-3 block programmed cell deaths* 
egl-I males were mutagenized with EMS and crossed with 
ced^3(n7l7) , unc^26(e20S) ; Bgl-l(n4B7) f dpy^3(B27) . Most 
cross progeny were egg-laying defective because they were 
heterozygous for cad-3 and homozygous for egl-I. Rare 

15 egg-laying competent animals were picked as candidates 
for carrying new alleles of ced-3* Four such animals 
were isolated from about 10,000 Fl cross progeny of EHS- 
mutagenized animals. These new mutations were made 
homozygous to confirm that they carried recessive 

20 mutations of ced-3. 

Molecular Biolocrv 

Stand2u:d techniques of molecular biology were used 
(Maniatis et al., HolBcular Cloning: A Laboratory 
Manual, Cold Spring Harbor Laboratory, 1983)* 

25 Two cosmid libraries were used extensively in this 

work: a 5au3AI partial digest genomic library of 7000 
clones in the vector pHC79 and a 5au3AI partial digest 
genomic library of 6000 clones in the vector pJB8 (Ish- 
Horowicz and Burke, Nucleic Acids Res* 9:2989 (1981)). 

30 The **right" end of MMM-Cl was cloned by cutting it with 
Hindlll and self-ligating. The **left** end of MMM-Cl was 
cloned by cutting it with figlll or Sail and self- 
ligating. 

Th "right"* end f Jc8 was mad by digesting JcB 
35 with ^coRI and self-ligating. Th "left" nd of JcB was 
made by dig sting Jc8 by Sail and s If-ligating. 
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C. el gans RNA was extracted using guanldlne 
Isothlocyanat (Kim and Horvitz, Gen s & Dev. 4:357-371 
(1990)) . Poly (A)* RNA was 8 lect d from total RNA by a 
poly(dT) column (Maniatis t al., 1983 supra). To 
5 pr pare stage-synchronized animals, worms w re 

synchronized at different developmental stages (Meyer and 
Casson, Genetics 106:29-44 (1986)). 

For DNA sequencing, serial deletions were made 
according to a procedure developed by Henikoff (Geiie 
10 28:351-359 (1984)). DNA sequences were determined using 
Seguenase and protocols obtained from US Biochemicals 
with minor modifications. 

The Tel DNA probe for Southern blots was pCe2001, 
which contains a Bergerac Tel element (Emmons et al., 
15 Cell 32:55-65 (1983)). Enzymes were purchased from New 
England Biolabs, and radioactive nucleotides were from 
Amersham. 

Primer extension procedures followed the protocol 
by Robert £. Kingston (In: Current Protocols in 
20 Molecular Biology, Ausiibel et al. (eds.), Greene 

Publishing Associates and Wiley-Interscience, New York, 
p. 4.8.1) with minor modifications. 

Polymerase chain reaction (PCR) was carried out 
using standard protocols supplied by the GeneAmp Kit 
25 (Perkin Elmer) . The primers used for primer extension 
and PGR are as follows: 



Pex2: 5' TCATCGACTTTTAGATGACTA6A6AACATC 3' 

(Seg. ID #7); 

Pexl: 5' GTTGCACTGCTTTCACGATCTCCCGTCTCT 3' 
30 (Seq. ID #8) ; 

SLl: 5' GTTTAATTACCCAAGTTT6AG 3' (Seq. ID #9); 

SL2: 5' GGTTTTAACCA6TTACTCAAG 3' (Seq. ID #10); 

Logs: 5' CCGGTGACATTGGACACTC 3' (Seq. ID #11); and 

OligolO: 5' ACTATTCAACACTTG 3' (Seq. ID #12). 
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fipymline Transformation 

The procedur f r Microinjection basically follows 
that f A. Fire {EMBO J. 5:2673-2680 (1986)) with 
modificati ns: Cosmid DNA was twice purified by CsCl- 
5 gradi nt. Miniprep DNA was used wh n d leted cosmids 
were injected. To prepare miniprep DNA, DNA from 1,5 ml 
overnight bacterial culture in superbroth (12 g Bacto- 
tryptone, 24 g yeast extract, 8 ml 50% glycerol, 900 ml 
HjO, autoclaved; after autoclaving, 100 ml 0.17 M KH2PO4 
10 and 0.72 M KH2PO4 were added) was extracted by alkaline 
lysis method as described in Maniatis et al. (1983 
supra). DNA was treated with RNase A (37», 30 minutes) 
and then with protease K (55», 30 minutes), extracted 
with phenol and then chloroform, precipitated twice 
15 (first in 0.3 H sodium acetate and second in 0.1 M 
potassium acetate, pH 7.2), and resuspended in 5 ^1 
injection buffer as described by A. Fire (1986 supra). 
The DNA concentration for injection is in the range of 
100 ug to 1 mg per ml. 
20 All transformation experiments used Ged'l(el735) j 

unc-31(e928) ce6~3(n717) strain, ujic-31 was used as a 
marker for co-transformation (Kim and Horvitz, 1990 
supra) . ced-1 was present to facilitate scoring of the 
Ced-3 phenotype. The mutations in ced-1 block the 
25 engulf ment process of cell death, which makes the corpses 
of the dead cells persist much longer than in wild-type 
animals (Hedgecock et al., Science 220:1277-1280 (1983)). 
The Ced-3 phenotype was scored as the number of dead 
cells present in the head of young LI animals. The 
30 cosmid C10D8 or the plasmid subclones of C10D8 were mixed 
with C14G10 (unc-31(+) -containing) at a ratio of 2:1 or 
3:1 to increase the chances that a Unc-3l(+) transformant 
would contain the cosmid or plasmid being tested as well. 
Usually, 20-30 animals were injected in one experiment. 
35 Non-Dnc Fl prog ny of th injected animal wer is lat d 
three t four days later. About l/2t 1/3 fth non- 
Dnc prog ny transmitt d th n n-Unc ph notyp to F2 
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prog ny and stablished a transformant line. The young 
LI progeny of such non-Unc transformant were ch eked for 
th number of dead c lis present in the head using 
Nomarski optics. 

5 RESULTS 

iBQlatlon of Additional ced-3 Alleles 

All of the ced-3 alleles that existed previously 
were isolated in screens designed to detect viable 
mutants displaying the Ced phenotype (Ellis and Horvitz, 

10 Cell 44:817*^829 (1986)). Such screens may have 

systematically missed any class of ced^3 mutations that 
is inviable as homozygotes. For this reason, a scheme 
was designed that could isolate recessive lethal alleles 
of ced-3* Four new alleles of ced-3 (nll63, nll64, 

15 nI155/ 1x1286) were isolated in this way. Since new 

alleles were isolated at a frequency of about 1 in 2500, 
close to the frequency expected for the generation of 
null mutations by EMS in an average C. elegans gene 
(Brenner, GexiBtics 77:71-94 (1974); Greenvald and 

20 Horvitz, Genetics 55:147-160 (1980)), and all four 

alleles are homozygous viable, it was concluded that the 
null allele of ced-3 is viable. 

Mapping RFLPg near 

Tcl is a C. elegans transposable element that is 
25 thought to be immobile in the common laboratory Bristol 
strain and in the Bergerac strain (Emmons et al«. Cell 
32:55-65 (1983)). In the Bristol strain, there are 30 
copies of Tcl, while in the Bergerac strain, there are 
more than 400 copies of Tcl (Emmons et al«, 1983 supra; 
30 Finney, Ph.D. thesis, Massachusetts Institute of 

Technology, Cambridge, Massachusetts, 1987) • Because the 
size of th C. el gans genom is small (hapl id g nom 
size 8 X 10*' bp) (Sulst n and Br nner. Gen tics 77:95-104 
(1976)), a polym rphism due to Tcl betv n th Brist 1 



and Bergerac strains would b expect d to ccur about 
once evexy 200 kb. Restriction fragm nt length 
polyn rphisms (RFLPs) can b us d as gen tic mark rs and 
mapp d in a manner identical to conv ntional mutant 
5 phenotypes. A general schem has b n d signed t map 
Tel elements that are dimorphic between the Bristol and 
Bergerac strains near any gene of interest (Ruvkun et 
aJ,, Genetics 121:501-516 (1989)). Once tight linkage of 
a particular Tel to a gene of interest has been 

10 established, that Tel can be cloned and used to initiate 
chromosome walking. 

A 5.1 Icb Bristol-specific Tel £coRI fragment was 
tentatively identified as containing the Tel closest to 

This Tel fragment was cloned using cosmids from a 

15 set of Tcl-containing c. elegans Bristol genomic DNA 
fragments. DNA was prepared from 46 such Tcl-containing 
cosmids and screened using Southern blots to identify the 
cosmids that contain a 5.1 kb £coRI Tcl-containing 
fragment. Two such cosmids were identified: MMH-Cl and 

20 MMM-C9. The 5.1 kb EcoHI fragment was stxbcloned from 
MMM-Cl into pnci3 (Promega). Since both ends of Tel 
contain an EctiRV site (Rosenzweig et al*. Nucleic Acids 
Res. 11:4201-4209 (1983)), £coRV was used to remove Tel 
from the 5.1 kb £coRI fragment, generating a plasmid that 

25 contains only the unique flanking region of this Tcl- 
containing fragment. This plasmid was then used to map 
the specific Tel without the interference of other Tel 
elements. 

unc^30 (el91) ced^3(n717) dpy-4^ell66;/+++ males 
30 were crossed with Bergerac (EM1002) hermaphrodites, and 
Unc non-Dpy or Dpy non-Unc recombinants were picked from 
among the F2 progeny. The recozobinants were allowed to 
self -fertilize, and strains that were homozygous for 
either uncS0(el91) dpy^4 (Bergerac) or unc^30 (Bergerac) 
35 dpy'4(ell66) were isolated. After identifying the ced 
gen types of thes recombinant strains, DNA was prepared 
f r m th s strains. A South m blot f DNA from th s 



rec mblnants was probed with th flanking s gu nee f the 
5.1 kb EcdRl Tel fragm nt. This probe detects a 5.1 kb 
fragn nt in Bristol N2 and a 3.4 kb fragm nt in Bergerac. 
Fiv out of fiv unc-30 e d~3 dpy(+B rg) recombinants, 
5 and ne of one unc'30 (•¥Berg) c d'3 dpy~4 recombinants 
showed the Bristol pattern. Nine of ten unc-30(+Berg) 
dpy-4 recombinants showed the Bergerac pattern. Only one 
recombinant of unc'-30 (-^-Berg) dpy^A resulted from a cross- 
over between ced~3 and the 5.1 ]cb Tel element. The 

10 genetic distance between ced-3 and dpy-4 is 2 map imits 
(mu) . Thus, this Tel element is located 0.1 mu on the 
right side of ced-3. 

Cosmids MMH-Cl and MMM-C9 were used to test 
whether any previously mapped genomic DNA cosmids 

15 overlapped with these two cosmids. A contig of 

overlapping cosmids was identified that extended the 
cloned region near ced-3 in one direction. 

To orient MMM-Cl with respect to this contig, both 
ends of MMM-Cl were subcloned and these subclones were 

20 used to probe the nearest neighboring cosmid C48D1. The 
"right" end of MMM-Cl does not hybridize to C48D1, while 
the "left" end does. Therefore, the "right" end of MMM- 
Cl extends further away from the contig. To extend this 
contig, the "right" end of HMM-Cl was used to probe the 

25 filters of two cosmid libraries (Coulson et al., Proc. 
Satl, Acad, Sci, USA 83:7821-7825 (1986)). One clone, 
Jc8, was found to extend MHM-Cl in the opposite direction 
of the contig. 

RFLPs between the Bergerac and Bristol strains 

30 were used to orient the contig with respect to the 

genetic map. Bristol (N2) and Bergerac (EM1002) DNA was 
digested with various restriction enzymes and probed with 
different cosmids to look for RFLPs. Once such an RFLP 
was found, DNA from recombinants of the Bristol and 

35 Berg rac strains betwe n c d-3 and unc-26, and betw n 
uac~30 and c d-3 was us d to d t rmin th position f 
the RFLP with resp ct to c d-3. 



Th "right" end of Jc8, which represents on end 
of the contig, detects an RFLP (nP33) when N2 and EH1002 
DNA was dig sted with Hindlll. A Southern blot of DMA 
from rec mbinants b tw en thr e ced^3(^Berg) unc^26 was 
5 pr bed with th "right" end f Jc8. Three of thr +Berg 
unc*-2tf recoxDbinants showed the Bristol pattern, while two 
of two GBd^3 unc^ZCf-^Berg) recombinants showed the 
Bergerac pattern. Thus, nP33 mapped very close or to the 
right side of unc'26. 

10 The "left" end of Jc8 also detects a iriAdlll RFLP 

(nP34) . The same Southern blot was reprobed with the JcB 
"left" end. Two of the two ced-3 unc-26f+Berg; 
recombinants and two of the three ced-3 f +Bergr; unc-26 
recombinants showed the Bergerac pattern. One of the 

15 three ced-3 (-^Berg) unc-26 recombinants showed the Bristol 
pattern. The genetic distance between ced-3 and 
is 0.2 mu. Thus, nP34 was mapped between ced~3 and unc-* 
26, about 0.1 mu on the right side of cecf-3. 

The flanking sequence of the 5.1 kb £coRI Tel 

20 fragment (named nP35) was used to probe the same set of 
recombinants. Two of three ced-3 (-^Berg) unc-25 
recombinants and two of two ced-3 unc-'2€ (^Berg) 
recombinants shoved the Bristol pattern. Thus, nP35 was 
also found to be located between cecI-3 and unc-26, about 

25 0.1 mu on the right side of ced-3. 

A similar analysis using cosmid T10H5 which 
contains the Ifindlll RFLP (nP36) , and cosmid B0564, which 
contains a ffindlll RFLP (nP37) , showed that nP36 and jiP37 
mapped very close or to the right of unc-so. 

30 These experiments localized the CBd-3 gene to an 

interval of three cosmids. The positions of the RFLPs, 
and of CBd^3^ unc^30 and iinc^26 on chromosome IV, and 
their relationships to the cosmids are shown in Figure 1. 
It has been demonstrated by microinjection that cosmids 

35 C3768 and C33F2 carry the unc*30 gene (John Sulston, 

pers nal communication). Thus, the r gion c ntaining th 
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cecf-3 gen was limit d to an int rval of two cosmids 
Th se results are summariz d in Figure 1. 



complementation of bv G rmlin Transformation 

Cosmids that were candidates for containing the 
5 ced-3 gene were microinjected into a ced-3 mutant to see 
if they rescue the mutant phenotype* The procedure for 
microinjection was that of A. Fire (EMBO J. 5:2673-2680 
(1986)) with modifications, unc-31, a mutant defective 
in locomotion, was used as a marker for cotransformation 

10 (Kim and Horvitz, Genes & Dev. 4:357-371 (1990)), because 
the phenotype of ced-3 can be examined only by using 
Nomarslci optics. Cosmid C14G10 (containing ujic-31(+)) 
and a candidate cosmid were coinjected into CBi--l(Bl375) ; 
unc-31(B928) ced^3 (1x717) hermaphrodites, and Fl non-Unc 

15 transf ormants were isolated to see if the non-Unc 

phenotype could be transmitted and established as a line 
of transf ormants. Young LI progeny of such transf ormants 
were examined for the presence of cell deaths using 
Nomarski optics to see whether the Ced-3 phenotype was 

20 suppressed. Cosmid C14610 containing unc-31 alone does 
not rescue CBd-'3 activity when injected into a ced-3 
mutant. Table 4 summarizes the results of these 
transformation experiments. 

As shown in Table 3, of the three cosmids injected 

25 (C43C9, W07H6 and C48D1) , only C48D1 rescued the Ced-3 
phenotype (2/2 non-Unc transf ormants rescued the Ced-3 
phenotype). One of the transf ormants, iiEX2 , appears to 
be rescued by an extra-chromosomal array of injected 
cosmids (Hay and Chalfie, Cell 54:5-16 (1988)), which is 

30 maintained as an unstable duplication, since only 50% of 
the progeny of a non-Unc Ced(+) animal are non-Unc 
Ced(*f). since the non-Unc Ced(-t-) phenotype of the other 
transf oxmant (nISl) is transmitted to all of its progeny, 
it is presumably an int grated transf rmant. LI c d-1 

35 animals c ntain an average of 23 c 11 corpses in th 

h ad. LI c d-I; c d-3 animals c ntain an averag of 0.3 
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cell corpses in the h ad. ced-1; unc-31 c nISl and 

CBd^l; tmc-Jl nJBX2 animals contain an average of 

16.4 and 14.5 c 11 corpses in the h ad, respectively. 
Fr m these results, it was concluded that C48D1 contains 
5 the c d-3 gene. 

In order to locate ced-3 nore precisely within the 
cosmid C48D1, this cosmid was subcloned and the subclones 
were tested for the ability to rescue ced-3 mutants. 
C48D1 DNA was digested with restriction enzymes that cut 

10 rarely within the cosmid and the remaining cosmid was 
self-ligated to generate a subclone. Such subclones were 
then injected into a ced-»3 mutant to look for completion. 
When C48D1 was digested with BamHI and self-*ligated, the 
remaining 14 kb subclone (named C48D1-28) was found to 

15 rescue the Ced-3 phenotype when injected into a ced-3 
mutant (Figure 2 and Table 4) . C48D1-28 was then 
partially digested with £gIII and self-ligated. Clones 
of various lengths were isolated and tested for their 
ability to rescue ced-3. 

20 One clone, C48D1--43, which did not contain a 1*7 

Icb Bglll fragment of C48D1-28, was able to rescue cBd'^S 
(Figure 2 and Table 4}* C48D1-43 was further subcloned 
by digesting with BamHI and Apal to isolate a 10 kb 
BamHI *ApaI fragment. This fragment was subcloned into 

25 PBSKII+ to generate pJ40* pJ40 can restore Ced*3+ 

phenotype when microinjected into a ced--3 mutant. pJ40 
was sxibcloned by deleting a 2 kb Bglll-Apal fragment to 
generate pJ107. pJlO? was also able to rescue the Ced-3 
phenotype when microinjected into a ced-3 mutant. 

30 Deletion of 0.5 kb on the left side of pJlOT could be 
made by Exolll digestion (as in pJ107del28 and 
pJ107del34) without affecting Ced-3 activity; in fact, 
one transgenic line, JiEXlJ, restores full Ced-3 activity. 
However, the c6d-3 rescuing ability was significantly 

35 reduced when 1 kb was deleted n th 1 ft sid f pJ107 
(as in pJ107dell2 and pJ107del27) , and th ability was 
completely eliminat d wh n a 1.8 kb Sall-Bglll fragment 
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was deleted on the right side of pJ107 (as in pJ55 and 
pJ56) , suggesting that this Sail sit is likely to b in 
th c d-3 coding region. From thes exp riments, ced^3 
was 1 caliz d to a DNA fragment of 7.5 kb. Th s results 
5 ar summariz d in Figur 2 and Tabl 4. 

Transcript 

pJlO? was used to probe a Northern blot of N2 RNA 
and detected a band of 2.8 kb. Although this transcript 
is present in 12 ced*3 mutant animals, subsequent 
10 analysis showed that all 12 ced-3 mutant alleles contain 
mutations in the genomic DNA that codes for this mRNA 
(see below) , thus establishing this RNA as a ced-3 
transcript. 

The developmental expression pattern of ced-3 was 

IS determined by hybridizing a Northern blot of RNA from 
animals of different stages (eggs, LI through L4 larvae 
and young adult) with the cdd-3 cDNA subclone pJ118. 
Such analysis revealed that the ced-3 transcript is most 
abundant during embryonic development, which is the 

20 period when most programmed cell deaths occur, but it was 
also detected during the LI through L4 larval stages and 
is present in relatively high levels in young adults. 
This result suggests that cad-3 is not only expressed In 
cells undergoing programmed cell death. 

25 Since ced^3 and ced-4 are both required for 

programmed cell death in C. elegans, one of the genes 
might act as a regulator of transcription of the other 
gene. To examine if cdd-4 regulates the transcription of 
ced-3, RNA was prepared from eggs of ced*4 mutants 

30 {nlie2, 1x1416^ nlB94, and nl920) , and a Northern blot was 
probed with the cad^S cDNA subclone pJllS. The presence 
of RNA in each lane was confirmed with an actin I probe. 
Such an experiment showed that the level of ced-3 
transcript is normal in c d-4 mutants. This indicates 

35 that c d-4 is unlik ly to be a transcripti nal r gulator 
of c d-3. 
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Isolation of a ced^3 cDWA 

To isolat cDNA of ced-3, pJ40 was used as a pr be 
t screen a cDNA library f N2 (Kim and H rvitz, Gen s & 
Dev. 4:357*371 (1990)). Seven cDNA cl n were is lated. 
5 These cDNAs can b divided into two groups: one is 3.5 kb 
and the other 2.5 )cb. One cDNA from each group was 
subcloned and analyzed further. pJ85 contains the 3.5 kb 
CDNA. Experiments showed that pJ85 contains a ced*3 cDKA 
fused to an unrelated cDNA; on Northern blots of N2 RNA, 

10 the pJ85 insert hybridizes to two RNA transcripts, and on 
Southern blots of N2 DNA, pJ85 hybridizes to one more 
band than pJ40 (C6d*3 genomic DNA) does. pJ87 contains 
the 2.5 kb cDNA. On Northern blots, pJ87 hybridizes to a 
2.8 kb RNA and on Southern blots, it hybridizes only to 

15 bands to which pJ40 hybridizes. Thus, pJ87 contains only 
ced-3 CDNA. 

To show that pJ87 does contain the C6d-3 cDNA, a 
frameshift mutation was made in the Sail site of pJ40 
corresponding to the Sail site in the pJ87 cDNA. 
20 Constructs containing the frameshift mutation failed to 
rescue the Ced«-3 phenotype when microinjected into ced*3 
mutant animals, suggesting that ced^3 activity has been 
eliminated. 

25 The DNA sequence of pJ87 was determined (Figure 

3). pJ87 contains an insert of 2.5 kb which has an open 
reading frame of 503 amino acids (Figure 3; Seq. ID #2). 
The 5' end of the cDNA contains 25 bp of poly-A/T 
sequence, which is probably an artifact of cloning and is 

30 not present in the genomic sequence. The cDNA ends with 
a poly^A sequence, suggesting that it contains the 
complete 3' end of the transcript. 1 kb of pJ87 insert 
is untranslated 3' region and not all of it is essential 
for ced'*3 i^ression, sine g n mic constructs with 

35 d 1 ti ns of 380 bp of th 3' nd can still r scue c d-3 
mutants (pJ107 and its derivativ s, s Figur 2). 
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To confirm the DNA sequence obtained from the c d- 
3 cDNA and to study th structur of th ced-3 g ne, the 
genomic s guenc f the ced^3 g n in th plasmid pJ107 
was d t rmin d (Figure 3; Seg* ID #1) • Comparison of the 
5 ced^3 g nomic and cDNA sequ nces r v aled that the 

gene has seven introns that range in size from 54 bp to 
1195 bp (Figure 4A) • The four largest introns, as well 
as sequences 5' of the start codon, were found to contain 
repetitive elements (Figure 3), Five types of repetitive 

10 elements were found, some of which have been previously 
characterized in non*-coding regions of other C. elegans 
genes, such as fem^l (Spence et al,, Cell 50:98l*-990 
(1990) ) , lin^l2 (J* Yochem, personal communication) , and 
myoD (Krause et al., Cell 63:907-919 (1990)). Of these, 

15 repeat 1 was also found in fem-1 and myoD, repeat 3 in 
liwl2 and fem^l, repeat 4 in lin-^12, and repeats 2 and 5 
were novel repetitive elements* 

A combination of primer extension and PGR 
amplification was used to determine the location and 

20 nature of the 5' end of the ced-3 transcript. Two 
primers (Pexl and Pex2) were used for the primer 
extension reaction. The Pexl reaction yielded two major 
bands, whereas the Pex2 reaction gave one band. The Pex2 
band corresponded in size to the smaller band from the 

25 Pexl reaction, and agreed in length with a possible 
transcript that is trans-spliced to a C. elegans splice 
leader (Bektesh, Genes & Devel. 2:1277-1283 (1988)) at a 
consensus splice acceptor at position 2166 of the genomic 
sequence (Figure 3) . The nature of the larger Pexl band 

30 is unclear. 

To confirm the existence of this trans*^spliced 
message in wild'^type worms, total C. elegans RNA was PGR 
amplified using the SLl^'LogS and SL2-Log5 primer pairs, 
followed by a reaunpliflcation using the SLl-*01igolO and 

35 SL2-01igolO primer pairs. The SLl reaction yielded a 
fragment of the predict d 1 ngth. Th identity of this 
fragment was c nfirm d by s qu ncing* Thus, at least 



- 70 - 

some, if n t most, f th c d-3 transcript is trans- 
spliced t SLl. Bas d on this result, th start codon of 
th ced-3 message was assign d to the m thionin ncod d 
at p siti n 2232 of the g nomic s quenc (Figure 3) . 
5 The DNA s gu nces of 12 EMS-induc d c d-3 all les 

were also determined (Figure 3 and Table 1) . Nine of the 
12 are missense mutations. Two of the 12 are nonsense 
mutations, which might prematurely terminate the 
translation of ced~3. These nonsense ced-3 mutants 

10 confirmed that the ced-3 gene is not essential for 

viability. One of the 12 mutations is an alteration of a 
conserved splicing acceptor G, and another has a change 
of a 70% conserved C at the splice site, which could also 
generate a stop codon even if the splicing is correct. 

15 Interestingly, these EMS-induced mutations are in either 
the M-terminal quarter or C-terminal half of the protein. 
In fact, 9 of the 12 mutations occur within the region of 
ced-3 that encodes the last 100 amino acids of the 
protein. Mutations are notably absent from the middle 

20 part of the ced-3 gene (Figure 4A) . 

ced-3 Protein Contains A Region Rich in Serines 

The Ced-3 protein is very hydrophilic «md no 
significantly hydrophobic region can be fowd that might 

25 be a trans-memteane domain (Figure 5) . The Ced-3 protein 
is rich in serine. From amino acid 78 to eunino acid 205 
of the Ced-3 protein, 34 out of 127 amino acids are 
serine. Serine is often the target of serine/threonine 
protein kinases (Edelman, Ann. Jlev. Biochem. 55:567-613 

30 (1987)). For example, protein kinase C can phosphorylate 
serines when they are flanked on their amino and carboxyl 
sides by basic residues (Edelman, 1987 supra) . Four of 
the serines in the Ced-3 protein are flanked by arginines 
(Figure 6A) . The same serine residues might also be the 

35 targ t of related S r/Thr kinas s. 

To identify the functionally important regions of 
th C d-3 pr t in, genomic DNAs containing the c d-3 
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genes from two r lated nemat de species, C. briggsa 
(Seq. ID #5) and C. vulgaris (Seq. ID #6) were cloned and 
sequenc d. S qu nee comparison of the three ced^3 g n 
products showed that th non-serine-rich region of th 
5 prot ins is highly cons rved (Figur 7). In C. briggsae 
and C. vulgrarls, many amino acids in the serine-rich 
region are dissimilar compared to the C* elegans Ced-3 
protein. It seems that what is important in the serine- 
rich region is the overall serine-rich feature rather 

10 than the exact amino acid sequence. 

This hypothesis is also supported by analysis of 
ced-3 mutations in C. elegansi none of the 12 EMS- 
induced mutations is in the serine-rich region, 
suggesting that mutations in this region might not affect 

15 the function of the Ced-3 protein and thus, could not be 
isolated in the screen for ced-J mutants. 

mWPLE 2 
h CQMHPy HBCWtf^IgW Q7 CEHi PEATH 
IN VERTEPRMES /orp lyyERieB^Tg? 

20 Results from previous studies reported in the 

scientific literature suggest that cell deaths in a 
veiriety of organisms, including vertebrates as well as 
invertebrates, share a common mechanism which involves 
the activation of genes. These studies are consistent 

25 with the hypothesis that genes similar to the C. elegans 
ced-3 and ced-4 genes may be involved in the cell deaths 
that occur in vertebrates, although certain observations 
have led some to distinguish vertebrate cell deaths from 
the programmed cell deaths observed in such invertebrates 

30 as nematodes and insects. Some vertebrate cell deaths 
share certain characteristics with the programmed cell 
deaths in c« elegans that are controlled by ced-3 and 
c d-4. For exampl , up to 14% of the neur ns in th 
chick dorsal r ot ganglia die immediately after their 
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births, before any signs of differentiation (Carr and 
Simpson, Dev. Brain R s, 2:57-162 (1982)). Genes like 
ced-3 and ced~4 could well function in this class of 
vertebrate c 11 death. 
5 Genetic nosaic analysis has suggested that ced~3 

and ced-4 genes are expressed by cells that iindergo 
programiaed cell death, so that these genes may not act 
through cell-cell interactions (Yuan and Horvitz, Dev. 
Blol. 138:33-41 (1990)). Many cell deaths in vertebrates 

10 seem different in that they appear to be controlled by 
interactions with target tissues. For example, it is 
thought that a deprivation of target-derived growth 
factors is responsible for vertebrate neuronal cell 
deaths (Hamburger and Oppenheim, Heurosci, Comment, 2:39- 

15 55 (1982)); Thoenen et al., in: Selective Neuronal Death, 
Wiley, New York, 1987, Vol. 126, pp. 82-85). However, 
even this class of cell death could involve genes like 
ced-3 and ced-4, since pathways of cell death involving 
similar genes and mechanisms might be triggered in a 

20 variety of ways. Supporting this idea are several in 
vitro and in vivo studies whi^ show that the deaths of 
vertebrate as well as invertebrate cells can be prevented 
by inhibitors of BNA and protein synthesis, suggesting 
that activation of genes are required for these cell 

25 deaths (Martin et al., J. Cell Biol. 105:829-844 (1988); 
Cohen and Duke, J. Immunol, 232:38-42 (1984); Oppenheim 
and Prevette, Netzrosci. JIbstr. 14:368 (1988); Stanisic et 
al,, Invest, Urol. 25:19-22 (1978); Oppenheim et al,. 
Dev. Biol, 238:104-113 (1990); Fahrbach and Truman, in: 

30 Selective neuronal Death, Ciba Foundation Symposium, 

1987, Mo. 126, pp. 65-81). It is possible that the genes 
induced in these dying vertebrate and invertebrate cells 
are cell death genes which are structurally related to 
the C. elegans ced-3 or ced-4 genes. 

35 Also supp rting the hypoth sis that c 11 death in 

C. legans is m chanistically similar t cell death in 
vertebrat s is th observaiton that th protein pr duct 
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Of th C. el gans gene ced'9 is similar in s qu nee to 
th human protein Bcl-2. ced-9 has b en shown to pr vent 
c lis from und rgoing programmed c 11 d ath during 
n matod d velopm nt by antagonizing th activiti s of 
5 c d-3 and c d~4 (H ngartner, et al., Nature 356:494-499 
(1992)). The JbcI-2 gene has also been implicated in 
protecting cells against cell death. It seems likely 
that the genes and proteins with which ced-9 and bc2-2 
interact are similar as well. 



NEW FORMS OF THE CELL DEAT H PROTEINS gFn-3 AND CED-4 
CAN PREVENT PROGRAMMED CELL DEATH IN C. ELEGANS 

A ced-3 cDNA encoding a Cys360 to Ala s\ibstitution at th 
active site cysteine can prevent normally occurring programmed 
15 cell death in C. elegans when overexpressed using a heat shock 
promoter. The construct used to transform the C. elegans strains 
is shown in Fig. 10. 



Representative data as shown in Table 5 demonstrate protective 
effect which alterations in the active site cysteine confer. 

20 Table 5 

construct # axtra cells in Nunbar of Rango of 



10 



EXAMPLE 3 



•xtra 



anterior pharynx animals obaervad 



call counts 



25 BSP-ced-3(C360A) line 1 
HSP-ced-3(C360A) line 2 
HSP-ced-3(C360A) line 3 



none 



0.13 
2.9 
4.9 
2.6 



40 
8 
9 
9 



0-1 
0-8 

0- 9 

1- 9 



Different lines represent independent strains carrying an 
extrachromosomal array containing the fusion construct and heat 
30 shocked at 33*»C for 1 hour. 
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EXAMPLE 4 

Peptide Inhibitors of the Interlcukln-lfl 
Converting Enzvme flCE^ Arrest Prooraroned 

Cgll Pgflth pf MPtpngwpng In VitrQ and In ViVQ 

5 Prograinn d c 11 d ath (PCD) has been well 

documented in the lumbar spinal motoneurons of the chick, 
where approximately 50% of the neiirons produced during 
embryogenesis die before birth (Hamburger, Am. J. Anat. 
102:365-410 (1958), Holiday and Hamburger, J. Comp. 

10 Iteurol. 170:311-310 (1976), and Oppenheim et al., J. 
Comp. neural. 177:87-112 (1978)). Survival of 
motoneurons is dependent on their interaction with muscle 
targets, since removal of the limb induces greater than 
90% motoneuron death whereas transplantation of a 

15 supernumerary limb increases the number of surviving 
motoneurons (Hamburger, Am J. Anat, 102:365-410 (1958), 
Hamburger and Oppenheim, Neurosci* Comm. 1:39-55 (1982), 
and Holiday and Hamburger, J. Comp. Neurol. 170:311-320 
(1976)). While a precise factor has yet to be 

20 identified, the supply of target-derived trophic supposrt 
is critical in determining the extent of motoneuron 
survival. The death of motoneurons that fail to acquire 
adequate supply of support appears to be mediated by new 
gene expression (Oppenheim et al.. Dev. Biol. 138:104-113 

25 (1990) and Milligan et al., J. Neurobiology 25:1005-1016 
(1994))- 

The aspartate-directed substrate specificity of 
ICE has allowed for the development of peptide inhibitors 
that are potent inhibitors of ICE proteolytic activity 

30 (Thornberry et al.. Nature 356:768-774 (1992)). Those 
compounds mimic the aspartic acid in the PI position of 
known ICE substrates, and are thus active site 
inhibitors. As such, these compounds may also be 
expected to inhibit other ICE family members that retain 

35 asp-as activity. In this xampl ICE inhibitors w re 
us d to demonstrate th role of ICE**like proteases in the 
d ath of chick spinal mot n urons and demonstrat that 
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c IX-p rn abl peptid inhibitors of ICE arr st the PCD 
f B ton ur ns in vitro and in vivo. Furthermore, th s 
inhibitors can also r duoa PCD in other c 11 lin ages in 
vivo. 

5 A tissu cultur n del system that all vs 

isolation of a relatively pure population of motoneurons 
whose survival is dependent on muscle extract, a potent 
source of target-derived trophic support, was used to 
test the ability of peptide inhibitors of ICE to block 

10 motoneuron cell death (Milligan et al., J. IfeuroJbiology 
25:1005-1016 (1994) and Block-Gallego et al.. 
Development. 111:221-232 (1991)). The death of 
motoneurons deprived of trophic support in vitro requires 
new gene expression and occurs by apoptosis (Milligan et 

IS al., J. ffeurobiology 25:1005-1016 (1994)). Motoneurons 
deprived of trophic support at the time of plating become 
irreversibly committed to undergo cell death after 16-18 
hoiirs (Milligan et al., J. Neurobiology 25:1005-1016 
(1994)). Figs. IIA and llB show that treatment with 

20 peptide inhibitors of ICE during this time period at 
concentrations known to be effective in blocking IL-1 
maturation in intact cells (Thomberry et al.. Nature 
356:768-774 (1992)), svibstantially prevents the 
motoneuron death observed after 3 days. Administration 

25 of either a reversible peptide aldehyde (Acetyl-Tyr-Val- 
Ala-Asp-addehyde) - (Acetyl-Tyr-Val-Ala-Asp-chloromethyl- 
ketone) or an irreversible peptide chloro-methylketone 
(Acetyl-Tyr-Val-Ala-Asp-aldehyde) - ( Acetyl-Tyr-Val-Ala- 
Asp-chloro-methylketone) protease inhibitor had 

30 inhibitory effects on motoneuron death, although the 
peptide aldehyde was more effective. Treatment with the 
ICE inhibitors had no affect on cells receiving muscle 
esctract, indicating that they are not toxic to 
motoneurons at the doses tested (Figs. IIA - IIB) . 

35 Tr atm nt with contr 1 p ptid aldehyd or 

ch loromethylketon inhibit rs that lack aspeurtate in the 
PI p sit ion had no survival prom ting eff cts, furth r 
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sugg sting that it is th specific inhibition of ICE or 
ICE-lik asp-as s that inhibit death (Figs. IIC-IIE) . 
Nh n m t neurons are tr ated with peptide inhibitors in 
th absenc of muscl extract for thre days and 
5 subs qu ntly supplem nt d n day three with muscle 

esctract, they continue to survive, and by six days appear 
as healthy and differentiated as the motoneurons that 
were continuously supplied with muscle extract (Figs. 
12A, 12B, 156) . Thus, motoneurons rescued for 3 days by 

10 ICE inhibitors remain capable of responding to trophic 
factors present in muscle extract. These results suggest 
that the commitment to cell death initiated by trophic 
factor deprivation in vitro involves an ICE-like asp-ase. 
To demonstrate the physiological relevance of the 

15 observations obtained in vitro the role of ICE-like 

proteases on several models of PCD in the chick embryos 
in vivo was investigated. In the first model, embryos 
were treated with a single dose of an ICE inhibitor or 
control protease inhibitor on embryonic day 8 (E8) , the 

20 time of maximum natturally occurring motoneuron cell death 
(Hamburger at al., J. Morph. 68:49-92 (1951)). Embryos 
treated in vivo with the peptide inhibitors appeared to 
develop normally and there were no gross abnormalties. 
However, 15 hours following drug treatment, there are 

25 significantly fewer pyknotic cells present in the lumbar 
spinal cord of animals treated with the peptide 
inhibitors of ICE as compared to animals treated with 
control protease inhibitors (Table 6A) . This effect is 
dose dependent (Fig. 13) . 24 hours after treatment there 

30 is a similar reduction in the number of pyknotic cells 
and a significzuit increase in the number of healthy 
motoneurons (Table 6B) • The increase in healthy cells 
suggests that cell death was indeed inhibited and that 
there was not simply a morphological change in the dying 

35 neur ns that preclud d their id ntif icatioh as pykn tic. 
Th ability of ICE inhibitors to block the naturally 
ccurring cell d ath f int rdigital c lis in th 
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d veloping limb was also studi d. These cells undergo 
PCD as a means of sculpting the digits in many 
V rtebrat s. When embryos were treated with eith r ICE 
inhibitor on embryonic days, E6 and E7, ther was a 
5 stibstantial reduction in the number of pyknotic cells 
between the digits of the hindlimb (Fig. 14). These data 
support the theory that ICE-like asp-ases are key 
components of the PCD pathway in multiple cell types, 
including neurons and non-neurons. 

10 Next, a second model of motonetiron PCD in which 

animals were subjected to limb bud removal, thereby 
inducing greater than 90% of the motoneurons to die was 
investigated (Hamburger, An. J. Anat. 102:365-410 (1958), 
Hamburger et al., Neurosci, Comm, 2:39-55 (1982). 

15 surprisingly in this model peptide inhibitors of ICE had 
no survival promoting effect (Table 7) . 

The ability of the ICE inhibitors to block cell 
death in two classes of neurons whose naturally occurring 
death appears to be independent of target interaction was 

20 also studied. First, motoneurons in the cervical spinal 
cord undergo PCD between E4 and E5, with maximum levels 
occvirring at E4.5. It is believed that these cells die 
by a means independent of target interactions since a 
variety of growth factors shown to be effective in 

25 rescuing lumbar motoneurons are ineffective in rescuing 
cervical motoneurons from PCD. Peptide inhibitors of 
ICE have no survival promoting effects on cervical 
motoneurons in vivo (Table 8) , Second, the death of 
undifferentiated neurons and precursor cells that occurs 

30 in the neiiral tube between E2 and E3 is also thought to 
be target independent and unaffected by treatment with a 
variety of growth factors (Honma et al., J. Comp, Neurol. 
345:377-95 (1994)). The PCD of these cells is also 
insensitive to rescue by the peptide inhibitors (Table 

35 9) . Alth ugh ne cann t exclud th possibility that th 
dosage r timing f p ptide administrations account for 
th obs rved lack of inhibition, this is unlik ly given 



the p sltlv effects n int rdigltal cell d ath obs rv d 
at a similar embryonic stag (s above) • These results 
show that n t all naturally occxirring c 11 deaths are 
bl ck d by inhibitors f ICE or relet d aspartas s. 
5 Hhil V do not wish to bind urselves to a 

particular model, several hypotheses can be offered to 
explain the differential ability of ICE inhibitors to 
block motoneuron death in the various models. It is 
possible, for instance, that the peptides are not present 

10 at critical PCD commitment times in each model « In the 
limb bud extrepation model, where the limb bud is removed 
at E2, perhaps an asp-ase-sensitive step occurred prior 
to E5 when drugs were applied. Further time course 
experiments will clarify this issue, A second 

15 possibility is that the molecular machinery that controls 
cell death changes during the course of development. The 
two cases where the ICE inhibitor blocked PCD were at E8 
(motoneuron death) and E7.5 ( interdigital cell death). 
The cases in which the peptides were ineffective were at 

20 E6 (limb bud extrepation) , E4 (cervical spinal 
motoneurons) and E3 (undifferentiated neurons and 
precursors) . Thus it is possible that early in 
development, cell death mechanisms occur which may not be 
inhibited by asp-ase inhibitors employed in these 

25 studies, while at later times, different mechanisms are 
inhibited by the compoxinds employed* 

The experiments described in this example 
demonstrate that ICE or an ICE^^like asp-ase have a 
regulatory role in vertebrate cell death in vivo. The 

30 inhibitors used in the present example were designed as 
asp-ase inhibitors, and inhibit not only ICE, but also 
related proteases that have been implicated in apoptosis 
and that resemble ICE with respect to cleavage after 
apportate residues. The effect of cell-permeable 

35 inhibit rs on the ICE proteas family may result in the 
arrest f moton uron death. Such arr st may subs guently 
allow tim f r th cell to reorganize and r cover. 
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thereby opening up therapeutic strategies in pathological 
c nditions involving motoneuron death such as that which 
occurs following spinal cord injuries or stroke. In 
addition, motoneuron d ath as observed in 
5 neurodegenerative diseases ( .g., ALS) might also be 
prevented by treatment with these asp-ase inhibitors. 

Methods for motoneuron cultures. Spinal cords 
from embryonic day 5 chicks were dissected in cold 

10 phosphate buffered saline (pH 7.4; PBS), incubated in 
trypsin (0.25% in PBS; Gibco) and the tissue dissociated 
by passing it several times through a 1.0 ml pipette tip. 
Cells were layered onto a 6.8% metrizamide (Serva) 
cushion, centrifuged at 500g. The cell layer at the 

15 interface, containing predominantly motoneurons, was 
collected. Motoneurons were plated onto 12 mm glass 
coverslips (Fisher) that were initially coated with poly- 

rnithine (l iiq/mlf Sigma), washed extensively with dH20 
and subsequently coated with laminin (20ug/ml; Gibco). A 

20 culture medium containing Leibovitz's L15 media (Gibco) 
supplemented with sodium bicarbonate (625 /ig/ml) , glucose 
(20 mN) , progesterone (2 X 10**^ M; Sigma) , sodium sclenite 
(3 X 10*^ M; Sigma), conalbumin (0.1 mg/ml; Sigma), 
putrescine (10"^ M; Sigma) , insulin (5 tig /ml; Sigma) and 

25 penicillin-streptomycin (Gibco) was used. Unless 

otherwise noted, 1 ml of complete media, with or without 
muscle extract (MEX) (20 tig /ml; prepared as previously 
described; Bloch-Gallego et al., iTevelopment 111:221-232 
(1991)), was added to the tissue culture wells that 

30 contained a coverslip seeded with cells (1 X 10^ 
cells/coverslip) . We have previously shown that 
motoneiirons in culture become committed to die 
approximately 16 hours after culture in the absence of 
MEX (Oppenheim et al.. Dev. Biol. 138:104-113 (1990)). 

35 For these xp rim nts, motoneurons w r tr at d with 

c ntr 1 pr t as inhibit rs or with p ptid inhibitors of 
ICE (se "peptid s" below) . The calpain inhibitor Ed64 



was purchas d from Sigma (St. Louis, HO).) motoneur ns 
were tr ated with the prot ase inhibitors very two hours 
betwe n 14 and 24 hoxirs in culture (th tim when c lis 
in the absence of HEX are dying) . Tr atment with the 
5 peptide inhibitor was accomplish d by adding th 

appropriate concentration of peptide to the cells so that 
the final concentration in the well after the final 
application would be as indicated in the figures; no more 
than 0.5% of the total volime of media was added at any 

10 time. Aldehyde peptide inhibitors were diluted in dH20 
and chloromethylketone inhibitors were diluted in DHSO. 
After a total of three days in culture, cells were 
incubated with the monoclonal antibody SCI (1:5 of 
supernatant in PBS; 15} for 1.5 hours at 37 ^C, washed 

15 with PBS, fixed with 10% formaldehyde in PBS and 

subsec[uently incubated with an FITC-labeled goat anti- 
mouse IgG secondary antibody (1:50 diluted in PBS; 
Fisher). After extensive washes with PBS, the cells were 
incubated with the fluorescent DNA intercalating dye, 

20 4',6-Diamidino-2-phenylindole (DAPI; 1:100,000 in PBS; 
Sigma) and mounted with the aqueous mounting media Gel-* 
Mount (Biomeda) . Surviving motoneurons were counted in 5 
predetermined 4 OX objective fields. For a motoneuron to 
be considered viable, its cell body must be present in 

25 the filed of view, exhibit uniform SCI immunoreactivity 
on its surface membrane and possess a uniform, non<- 
condensed DAPI stained nucleus. 

Peptides. Two peptide inhibitors of ICE, Acetyl-Tyr-Val- 
Ala-Asp-aldehyde (Ac-YVAD-CHO) and Acetyl-Tyr-Val-Ala- 

30 Asp-chloromethylketone (Ac-YVAD-CMK) and two control 
peptide inhibitors, Acetyl-Leu-Leu-Arg-aldehyde (Ac-LLR- 
CHO; Leupeptin) and n-tosyl-Lys-chloromethyl-ketone (Tos- 
Lys-CMK) were synthesized by Bachem Biosciences (King of 
Prussia, PA) and shown by thin layer chromatography and 

35 HPLC to be greater than 98% pure. Ac*YVAD-CHO is a 
r versibl , c mp titive inhibitor of human ICE and has 
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been shown to inhibit ICE activity in intact monocytic 
cells (Thornberry et al.. Nature 356:768-774 (1992)). 

Kath da f r aOmlnistration f p ptidea t examine ffe ta 
on naturally occiurring mot n ur n cell death in vivo. 
5 Although cell death of lumbar motoneurons occurs between 
E6 and E12, the peak period of death (i.e., the greatest 
number of pyknotic cells) occurs on E8 (Oppenheim et al., 
J. Comp. Neurol. 177:87-112 (1978)). For these 
experiments, embryos were given a single administration 

10 of an agent on E8 0 hr and sacrificed 15 hours later. 
400 /xg was chosen since this was the most effective dose 
tested (Pig. 13). Ac-YVAD-CMK and Tos-Lys-CMK were 
administered in a solution of DMSO/BSA, whereas Ac-YVAD- 
CHO and leupeptin (Sigma) were in BSA alone. The 

15 solutions (50-100 /xl) were dropped onto the highly 

vascularized chorioallantoic membrane through a window in 
the shell. The control groups included both DHSO and BSA 
or vehicle alone. Embryos were killed and staged by the 
Hambxxrger-Hamilton series (Hamburger and Hamilton, J. 

20 Morph. 88:49-92 (1951)). The thoraco- lumbar spinal cord 
was dissected, fixed in Carnoys or Bouins fixative, 
processed for paraffin histology, serially sectioned (10- 
12 tm) and stained with either thionin or hematoxylin and 
eosin. Pyknotic motone\irons were identified based on 

25 criteria previously described (Chu-Wang and Oppenheim, J. 
Comp. Neurol. 177:33-58 (1978); Clarke and Oppenheim In 
Methods in Cell Biology Series; Cell Death j eds: Schwartz 
and Osborne. Academic Press. New York, NY. In press.) 
and were counted in every 10th or 20th section through 

30 the entire lumbar enlargement. The total number of 

pyknotic cells were then estimated by multiplying these 
values by 10 or 20. All cell counts were performed by 
individuals blinded with regard to drug treatment of the 
embryos. 
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Methods for limb bud removal zperiments. A unilat ral 
llnb bud removal was p rform d on E2 as described 
previously (Opp nheim et al., J. Comp. Neurol. 177:87-112 
(1978)). B cause induced cell death following limb 
5 removal begins n E5 (before that there is no differ nc 
in the number of motoneurons between the operated or 
unoperated sides) embryos were given one treatment of Ac- 
YVAD-CHO (40 lig) or BSA (control) at E5-0 hr and another 
at E5-12 hours (total peptide administered was 80 fxg) • 
10 Animals were killed at E6-0 hr« Methods were the same as 
described above except the section thickness was 6-8 /im 
(see Method for Administration of Peptides, above) • 

Methods for limb bud interdigltal regions. Embryos were 

treated with 100 /ig of peptide or vehicle in 50 fil on 
15 E6.0 and on E7.0 (total 200 ixg) as described above (Chu- 

Wang and Oppenheim, J. Comp. Neurol. 177:33-58 (1978); 

Clarke and Oppenheim In Methods in Cell Biology Series; 

Cell Death J eds: Schwartz and Osborne. Academic Press. 

New York, HY. In press.) and killed at E7.5. The 
20 footpads were placed in Bouin's fixative and processed as 

described above (see Method of Limb Bud Removal, above) • 

Pyknotic cells in all interdigltal regions were counted 

in every 10th section (6-8 ^m) of serial transverse 

sections through the entire footpad* 



Tabl 1 





sit 8 


of Hutati ns in 


th cBd-s Gene 






N«Pl?9ti<|9 




Conseouence 


nl040 


C to T 


2310 


27 


L to P 


n718 


G to A 


2487 


65 


G to R 


X12433 


G to A 


5757 


360 


G to S 


nll64 


C to T 


5940 


403 


Q to termination 


n7l7 


G to A 


6297 


- 


Splice acceptor lose 


nl949 


C to T 


6322 


412 


Q to teziaination 


nl286 


G to A 


6342 


428 


W to temination 


nll29 


C to T 


6434 


449 


A to V 


nll65 


C to T 


6434 


449 


A to V 


H2430 


C to T 


6485 


466 


A to V 


J12426 


G to A 


6535 


483 


E to K 


nll63 


C to T 


7020 


486 


S to F 



Nucleotide and codon positions correspond to the nimbering in Figure 
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Table 2 

Pravant: Proormmwad Cell PffBth 



Average # Hunbex 

H2 (wild-type) - 0.1 40 

nEX 121 PBA 2.0 23 

nEX, 70 PBA 2.4 31 

nEX 67 BGAFQ 2.1 18 

nEX 66 BGAFQ 2.1 25 
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Tabl* 3 

ffMffilT 7* Tranafornatlon Expartaants 
naino Cegnlda In the eed-3 Raaicn 



Coaaid 

C43C9; C14610 
H07H6; C14G10 



C48D1; C14G10 



Ho. of noa-UBo 
tranaformanta 

1 

3 



Cad-3 
phaaotvpa 



+ 
+ 



Btrain nama 

HT4302 

MT4299 
MT4300 
MT4301 

MT4298 
MT4303 



Aninals injected were of genotype: ced-l(el735) j unc~31(B929) 
C d'3 (n717) . 
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Table 4 

Tha mr sal n of eeJ-3/-H tranaf ormants 



Qeaotypa 



DHA injected 



Average No. 
cell deaths 
in Ll head 



NO. 

Animals 
aoored 



ced-1 



23 



20 



ced-1/ ced-3 



0.3 



10 



ced-1; nISl 
unc~31 ced-3 



C48D1; 
C14G10 



16.4 



20 



ced-1 f xinc-31 
ced-3; nISl/* 



14.5 



20 



ced-1; unc-31 
ced-3; nEX2 



C48D1; 
C14610 



13.2 
0 



10/14 
4/14 



ced-1; unc-31 
ced-3; nEXlO 



C48D1-28; 
C14G10 



12 
0 



9/10 
1 of 10 



ced-1; unc-31 
ced-3; DEX9 



C48D1-28; 
C14G10 



12 



10 



ced-1; unc-31 
ced-3; nEXll 



C48D1-43 
C14G10 



16.7 



10/13 



Abnormal cell 3/13 
deaths 



ced-1; unc-31 
ced-3; nEX13 



pJ40; C14G10 



13.75 



4/4 
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Tabla 4 c ontinued 

e d-1/ ujie-31 
cod-3; nJ?XI7 



ced-1; uJic-31 
ced-3; AEX18 



c d-1/ unc-31 
c d-3/ aBX19 



c d-1/ tmc-31 
c d-3/ JiJS!2fl6 



pJ107del28 , 

pJ107del34 

C14G10 



pJ107del28, 
pJ107dell34 
C14G10 



pJ107del28, 

pJ107del34 

G14610 



pJ107dell2 1 

pJ107del27 

C14G10 



23 



12.8 



10.6 



7.8 



12/14 

2/14 
9/10 

1/10 
5/6 

1/6 
12/12 



All les of the genes used are CBd-l(el735) , unc-31 (e928) , and ced- 
3(n717) . 
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(15 hours post treatment) 
Centr 1 ICB InhlbitorB Control Proteaae InhibitQIB 

Ac-yVAO-CHO Xc-YVAD-CMK Leupeptin Toa-Lye-CMK 



286±37 146135* 216t27** 310140 285131 

(20) (8) (10) (20) (20) 

«p<6.661> **p<o.oi 



Eabrvoa %fere treated aa deacri±>ed and reaulta are expressed as Man i SD. 
Multiple t-teats were performed with the Bonferroni correction. P-values %#ere the 
saoM tor comparisons of Ac-YVAD-CHO or Ac-YVAD-CMK with control, Ac-LLR-^0 or 
Tos-Lys-CKR treated animals. The number in braclteta represents the n for each 

group. 
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Xatoltt 6B 

Ihrknotlc and BtflUhY fct^nbar Motoneuroni on E9 
(24 hours post treatment) 

Ac-YVAD-CHO Ac-YVAD-CKK Leupeptin Toa-Lys-^CKK 



Pyknotic 
M t neurone 

316147 150130** 200133** 297151 345139 

(21) (6) (6) (20) <22) 



Healthy 
Notoneurona 

13,6051890 15,6801684** 16,2311755* 14,1171971 13,2571773 
(20) (6) (7) (18) (19) 

»p<0.001; **JK0.01 



Bmbryos were treated aa described (17) except that they Mre killed on S9-0 hr (24 
hours after treatment), results are expressed as mean i SX>. Multiple t-tests were 
performed with the Bonferroni correction. P^values were the same for comparisons 
of Ac-YVAD-CHO or Ac-YVAD-CKK with control, Ac-LLR-CHO or Tos-Lys-CMK treated 
animala* The number in braclcets represents the n for each group. 
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Tabla 7 

PyfaiQtie and Haalthv Ir^^a^f^ Mfr^OT*"^»« 



Control Ac-YVAD-CKO 



Contralateral 
Control AC-rVAD-CBO 



Pyknotic 
Motoneurons 



375±74* 
(6) 



317±e9* 
(6) 



73±16 
(6) 



67±13 
(6) 



HMlthy 
Motoneurona 



11,37141780* 
(6) 



Ilrl09tl592* 
(6) 



16,455tl661 17|914±1733 
(6) (6) 



»p<Q.001 Ipailateral va Contralateral 



Bnbryoa «fere treated aa described and results are expressed as mean ± SD* 
Multiple t'-tests Mre performed with the Bonferroni correction. The aldehyde 
peptide inhibitor of ICBr Ac-YVAD-CHO had no survival promoting effect as compared 
to the unoperated contralateral side* The number in brackets represents the n for 
each group* 
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TAbl0 8 

PTknotie Carrical Moton urony PB g4,?r 

control Tgg inhibltora CPHtrQ l PrfftftttBg InhtbltQg 

Ac-yVAD-CHO Ac-YVAD-CMK Loupoptin 

24.113.1 25.9±3.4 26.712.2 32.517.9 

(7) (6) (6) (3) 



Xnbryos war* tr«at«d as daacribad and results ara axprassad as maan 1 SD. 

Nultipla t-tasta wara performad with the Bonfarroni correction. The peptide 
inhibitors of ICE, Ac-YVAD-CHO or Ac-YVAD-CHK had no survival promoting effects on 
cervical motoneurons as compared to control or Ac-LLR-CHO treated anijnals. The 
number in brackets represents the n for each group. 



- 92 - 



XABLB 9. Pykttotie tells in thm Sarly Vaural Tub*. 









Doraal SoLnal Cord 








TCB Tnhlbifcora 




Ae-yVAD-CBO 


Ae-YVAO-CKK 




AC-YVAD-CHO Xe-YVAD- 


CMK 










0.898 


1.115 


0.872 


1.322 


1.3S0 


1.372 








±0.297 


to. 103 


±0.246 


±0.201 


±0.471 


±0.235 








<«) 


(6) 


(6) 


(5) 


(6) 


(S) 











Babryoi wsre treated as described and results are expressed as nean t SD. 
Kultlple t-tests %fere performed with the bonferroni correction. The peptide 
inhibitors of Zd, Ac-YVAD-CBO or Ac-YVM>-CKIC, had no survival proooting effects 
on floorplate or dorsal spinal cord cells as compared to control animals. The 
number in brackets represents the n for each group. 
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f;qiHvalentS 

Th 8 Skilled in the art will r c gnize, r be 
abl t ascertain using no more than routine 
xperimentation, many equivalents to the specific 
embodiments of the invention d scribed h rein. Such 
quivalents are intended to be encompassed by the 
following claims. Por example, functional equivalents of 
DNAs and UNAS may be nucleic acid sequences which, 
through the degeneracy of the genetic code, encode the 
same proteins as those specifically claimed. Functional 
equivalents of proteins may be substituted or modified 
amino acid sequences, wherein the substitution or 
modification does not change the activity or function of 
the protein. A "silent" amino acid substitution, such 
that a chemically similar amino acid (e.g. , an acidic 
amino acid with another acidic amino acid) is 
substituted, is an eatample of how a functional equivalent 
of a protein can be produced. Functional equivalents of 
nucleic acids or proteins may also be produced by 
deletion of nonessential sequences. 
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CIAIMS 

1. A method of neUclng a medicament f r the 
inhibition f protein, said protein 8 lect d fr m the 
group consisting f C d*3 and a pr t in which belongs t 
the Ced*3/ICE family, said medicament for use in a method 
comprising administering an inhibitor of an asp-ase. 

2. A method of making a medicament for the 
inhibition of cell death, said medicament for use in a 
method comprising administering a therapeutically 
effective dosage of an inhibitor of an asp-ase. 

3. The medicament of claim 1 or 2, wherein said 
asp-ase is a member of the ced-3/ICE family. 

4. The medicament of claim 3, wherein said member 
of ced-3/ICE family is inter letxkin* 1)3 convertase. 

5. The medicament of claim 1, wherein said method 
reduces cell deaths • 

6. The medicament of claim 1 or 2, wherein said 
inhibitor is a peptide aldehyde containing the amino acid 
sequence Tyr-Val-X-Asp, wherein X is selected from the 
group consisting of Ala, His, Gin, Lys, Phe, Cha, and 
Asp. 

7. The medicament of claim 1 or 2, wherein said 
inhibitor is Ac-Tyr-Val-Ala-Asp-CHO, also referred to as 
inhibitor B. 

8. The mediceunent of claim 1, wherein said 
inhibitor is the cowpox virus CrmA protein. 

9« Th medicament of claim 1, wherein said 
inhibition is in a mammal diagnosed with a cell d ath 
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condition, said method further comprising administering 
to said mammal a therapeutically ef fectiv am xont of an 
inhibit r of int rleukin-lp convertas • 

10* Th m dicament of claim 9, vher in said 
mammal is a human* 

11. The medicament of claim 9, wherein said 
condition is neural degeneration. 

12. The medicament of claim 11, wherein said 
condition is a motoneuron condition. 

13. The medicament of claim 12, wherein said 
motonueron condition is a spinal cord injury. 

14. The medicament of claim 13, wherein said 
motonexzron condition is amyotrophic lateral sclerosis. 

15. The medicament of claim 9, wherein said 
condition is Parkinsonism, Huntington's disease, or 
spinocerebellar degeneration. 

16. The medicament of claim 15, wherein said 
spinocerebellar degeneration is cerebello-olivary 
degeneration of Holmes or Friedreich's ataxia. 

17. The method of claim 9, wherein said condition 
is myocardial infarction, stroke, traumatic brain injury, 
pathogenic infection, or hair loss. 

18. A diagnostic probe for a disease 
characterized by cell deaths, comprising a molecule 
selected from the group consisting of: 

a) all or a portion of the ced-3 gene (Seg. ID 
#1) which is specific to said ced-3 gene; 

b) RNA encoded by th c6d-3 g n ; 
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c) d generate olig nucle tides derived from the 
amino acid s quence of the Ced-3 prot in 

(S q. ID #2); 

d) an antibody dir cted against th C d-*3 
protein; 

e) all or a portion of the ICE gene (Seq. ID #3) 
which is specific to said ICE gene; 

f ) BNA encoded by the ICE gene; 

g) degenerate oligonucleotides derived from the 
amino acid sequence of ICE (Seq. ID #4) ; 

h) an antibody directed against ICE; 

i) a gene which is structurally related to the 
ced-3 gene, or portion thereof specific to 
said structurally related gene; 

j) BNA encoded by the structurally related gene; 

k) degenerate oligonucleotides derived from the 
amino acid sequence of the protein product of 
a gene which is structurally related to 
ced-3; and 

d) an antibody directed against the protein 
product of a gene which is structurally 
related to ced-3. 

19. A medicament for use in the diagnosis of a 
disease characterized by cell deaths, said medicament 
comprising a kit for the detection of an abnormality in 
the sequence of a gene which is structtirally related to 
ced-3 . 

20. The medicament of claim 19, wherein the 
structurally related gene is ICE. 

21 « A medicament for diagnosis of a disease 
characterized by cell deaths, said medicament comprising 
a kit for d t cting an abn rmality in the activity of a 
gene which is structxirally related t ced-3. 



22. Th method of claim 21, wherein th 
structurally r lat d g n is ICE. 



23. A diagnostic prob for an inflammatory 
dis ase, comprising a molecul sel cted from th group 
consisting of: 

a) all or a portion of the ced-3 gene shown in 
Figure 3 (Seq. ID #1) which is specific to 
the ced-3 gene; 

b) KNA encoded by (a); 

c) degenerate oligonucleotides derived from the 
amino acid sequence of the Ced-3 protein as 
shown in Figure 6A (Seq. ID #2) ; 

d) an antibody directed against the Ced-3 
protein; 

e) a gene which is structurally related to the 
ced-3 and ICE genes, or portion thereof which 
is specific for said related gene; 

f ) SKA encoded by (a) ; 

g) degenerate oligonucleotides derived from the 
amino acid sequence of the protein encoded by 
(e) ; and 

h) an antibody directed against the protein 
encoded by (e) . 

24. A medicament for diagnosis of an inflammatory 
disease, said medicament comprising a kit for detecting 
an abnormality in the sequence of a gene which is a 
member of the ced-3 /ICE gene family. 

25. The medicament of claim 24, wherein the gene 
is ced-3. 

26. A medicament for use in a method for 
diagnosis of an inflammatory disease, said method 
comprising detecting an abn rmality in th activity of a 
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gen which belongs to th c ICE gen family, or an 
need d product thereof* 

27. Th m thod of claim 26, vher in th gen is 

c d-3. 

28. An isolated substrate-specific protease 
having the amino acid sequence of the Ced-3 protein shown 
in Figure 6A (Seg. ID #2). 

29. An isolated substrate-specific protease, 
consisting essentially of a protein product of a gene 
which is structxirally related to the ced-3 and ICE genes. 

30. The protease of claim 29 which cleaves after 
aspartate residues. 

31. The protease of claim 29 which is a cysteine 
protease. 

32. Isolated ICE having an alteration which 
reduces the activity of the enzyme, the alteration 
selected from the group consisting of: 

a) L to F at amino acid 26; 

b) 6 to R at amino acid 65; 

c) 6 to S at amino acid 287; 

d) E to termination at amino acid 324; 

e) W to termination at amino acid 340; 

f) A to V at amino acid 361; 

g) E to K at amino acid 390; and 

h) T to F at amino acid 393. 

33. Isolated DNA which is a mutated ICE gene 
encoding the altered enzyme of claim 32. 

34. Isolat d RNA needed by th DNA of claim 33. 
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35. An isolated gen belonging to the ced-3/ICE 
family of structurally related genes which has a mutation 
which reduces th activity f th g n , said mutation 

r suiting in an amino acid alteration corresponding to an 
amino acid alt ration of th C d-3 prot in which 
inactivates the Ced-3 protein • 

36. A product of the gene of claim 35 selected 
from SNA and protein. 

37. A constitutively activated cell death protein 
comprising an amino acid sequence of the Ced*3 protein 
shown in Figure 6A (Seq. ID #2), selected from the group 
consisting of: 

a) the amino acids from approximately 150 to 
503; 

b) the amino acids from approximately 373 to 
503; 

c) the amino acids from approximately 150 to 
372; 

d) (b) and (c) together; 

e) an active subportion of (a) , (b) , and (c) ; 
and 

f ) combinations of these. 

38. The constitutively activated cell death 
protein of claim 37, further comprising a subportion of 
the region of Ced-3 from amino acids 1 to 149, as shown 
in Figure 6A (Seq. ID 02) , said subportion which enhances 
and does not inhibit the activity of the protein. 

39 • Isolated nucleic acid encoding the protein of 
claim 37. 

40. A constitutiv ly activat d c 11 d ath prot in 
having an amino acid s qpienc of ICE shown in Figure 6A 
(S q. ID #4), 8 1 ct d f r m th group c nsisting of: 
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a) the amino acids fron approximately 111 to 
404; 

b) the amino acids from appr ximately 298 t 
404; 

c) the amino acids fr m appr ximat ly 111 t 
297; 

d) (b) and (c) together; 

e) an active subportion of (a) , (b) , and (c) ; 
and 

f) combinations of these. 

41. Isolated nucleic acid encoding the protein of 
claim 40. 

42. A drug for increasing cell deaths, comprising 
a molecule selected from the protein of claim 37 or a 
nucleic acid encoding said protein. 

43. A drug for increasing cell deaths, comprising 
a molecule selected from the protein of claim 37 or a 
nucleic acid encoding said protein. 

44. A method for identifying a gene which is 
structurally related to the ced-3 gene and the ICE gene, 
comprising detecting a gene with: 

a) a probe derived from the ced-3 gene or a 
product encoded by the ced-3 gene; and 

b) a probe derived from the ICE gene or a 
product encoded by the ICE gene. 



45. An isolated gene identified by the method of 
claim 44. 



46. A method for identifying a gene which belongs 
to the ced-3 /ICE family of structurally r lated genes, 
comprising det cting a gen with a pr be s 1 ct d from 
the group c nsisting of: 
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a) a probe d riv d from a g n which is 
structurally related to the c d-3 gen and 
the ICE g n ; and 

b) a prob d riv d from th cons nsus sequence 
of a conserved r gion in genes belonging to 
the cod-3/ICE gene family. 

47. An isolated gene identified by the method of 
claim 46 which has an activity selected from cell death 
activity and protease activity. 

48. Isolated DNA selected from the group 
consisting of: 

a) a region of a gene belonging to the /ICE 
family of structurally related genes which is 
conserved among two or more family members; 
and 

b) the consensus sequence of a conserved region 
in genes belonging to the ced-3/ ICE gene 
family, 

or encoded product thereof. 

49. A method for identifying a gene which 
interacts with a cetf-J/ICE gene belonging to said family, 
comprising identifying a mutation which enhances or 
suppresses the activity of a ced-3/ICE gene in a 
nematode, wherein the enhancing or suppressing mutation 
is indicative of a gene which interacts with the ced- 

3 /ICE gene. 

50. The method of claim 49, wherein the ced-3/ICE 
gene is selected from the group consisting of: 

a) a wild-type ced-3 gene; 

b) a mutated ced-3 gene, the nematode being a 
mutant nematode; 

c) a transg ne which is a wild-type f rm of said 
c d-3/ ICE gene, th nematode being a 
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transg nic nematode having an Inactivated 
ndogenous c d-3 gene; and 
d) a transg ne which is a nutated form of said 
c6d-3/ICE gen , th nematode being a 
transg nic nematod having an inactivat d 
endogenous ced*3 gene. 

51. An isolated gene identified by the method of 
claim 49, or an encoded product thereof. 

52. A bioassay for identifying an agent which 
affects the activity of a gene belonging to the ced-3/ ICE 
family of structurally related genes, comprising the 
steps of: 

a) introducing an agent into a transgenic 
nematode which expresses a cdd-3/ICE gene; 
and 

b) detecting an alteration in the occurrence of 
cell deaths in the transgenic nematode, 
wherein an alteration indicates that the 
agent affects the activity of the c6d-3/ICE 
gene. 

53. The method of claim 52, wherein the ced-3/ICE 
gene is selected from a wild-type gene and a mutated 
gene. 

54. An agent identified by the method of claim 

52. 

55. Isolated protein having cell death activity 
and the amino acid sequence of the NEDD-2 protein shown 
in Figure 6B (Seq. ID #13), or an active portion thereof. 

56. Isolated nucleic acid encoding th protein of 
claim 54. 
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57. Isolat d protein which is th NEDD-2 prot in 
having an alt ration which inactivates th protein, said 
alteration s lected from th group consisting of: 

a) A to V at amino acid 117; 

b) C to A at amino acid 303; 

c) C to S at amino acid 303; 

d) E to K at amino acid 483; and 

e) S to F at amino acid 486. 

58. The isolated protein of claim 57, wherein 
said alteration is C to A or C to S at amino acid 303. 

59. Isolated nucleic acid encoding the protein of 
claim 57. 

60. Isolated protein which is structurally 
similar to Ced-3 and has an alteration at a conserved 
amino acid corresponding to an amino acid of the Ced-3 
protein selected from the group consisting of: 

a) Ser 183; b) Met 234; c) Arg 242; d) Leu 246; 
e) He 247; f) He 248; g) Asn 250; h) Phe 253; i) Arg 
259; j) Gly 261; k) Asp 265; 1) Gly 277; m) Tyr 278; n) 
Val 280; o) Lys 283; p) Asn 285; q) Leu 286; r) Thr 287; 
s) Met 291; t) Phe 298; u) His 304; v) Asp 306; w) Ser 
307; X) Leu 310; y) Val 311; z) Ser 314; aa) His 315; bb) 
Gly 316; 

cc) He 321; dd) Gly 323; ee) He 334; ff) Asn 339; 
gg) Pro 344; hh) Leu 346; ii) Lys 349; jj) Pro 350; 
Wc) Lys 351; 11) Gin 356; mm) Ala 357; nn) Cys 358; 
oo) Arg 359; pp) Gly 360; qq) Asp 371; rr) Asp 414; 
ss) Arg 429; tt) Gly 434; uu) Ser 435; w) He 438; 
WW) Ala 449; xx) Val 452; yy) Leu 488; aa) Tyr 493; 
and aaa) Pro 496. 

61. Th isolated pr tein of claim 60, wherein 
said alt ration is in an amino acid c rresponding t cys 
385 of C d-3. 
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62. Th protein of claim 61, wherein said 
alteration is a Cys to Ala alteration. 

63. Th isolat d protein of claim 61, vh r in 
said protein is ICE and said alteration is at conserved 
amino acid 285 of said ICE. 

64. The isolated protein of claim 61, wherein 
said protein is NEDD-2 and said alteration is at 
conserved amino acid 303 of said NEDD~2. 

65. Isolated nucleic acid encoding the protein of 
claim 60. 

66. A mediceunent for use in a method of 
preventing cell death, said medicament including a 
polypeptide of claim 60 and said method comprising 
administering said polypeptide. 

67. The medicament of claim 62, wherein said 
administering is to a patient and said polypeptide is 
provided at a therapeutically effective dose. 

68. A medicament for use in a method of 
preventing cell death, said medicament comprising the 
isolated nucleic acid of claim 65, and said method 
comprising administering a therapeutically effective 
amount of said isolated nucleic acid 
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ced'3 Genomic Sequence 



J^GATCTGAAATAACCTCATXXATTX^TAXATTAACTCTArrrCTSACCAAATrrCACrST 

(1 — -* — 120 

TTCTCCAATTXATATCCC7ATTATCACTTTrrCXTCCTCATCCTC3ACCGCCACCTCCT= 

1 2 1 — ♦ I «0 

XAACAATTCTCXGACCAXACCCCCTCCaiTTCACCTCCACACrCAGCCCCCAAAACAAAC 

Hi * * — 2 40 

CTrCSAXCATTCCTCTCTTCTCCTCCTrrrCCCrnXTCTTCCACTCATCTrrTCTCSrr: 

2 41 -M- — * 300 

TTrrcrrrcrrcrrrrrcrrcAAccTsrrccTAAccAATTATTACATCAArTCAACAAAA 

3C: — • * * • 3S0 

CCXTTCCCCCATTTATTCrrGCCAGAAAGATTCTGACATTCTCGAACTCCATrrTATAATA 

3«1 ♦ — . ♦ * * 420 

rrTAACCTrCGrrTTTOCArrCTTrCCTrrAAAAAAACCACTSTTTATCTCUAAAACGAT 

421 ♦ * 480 

TACTrrACTAATAAAACTACTTrTAAACCTTTACCrrrACCrCACCCCTCCSTSTTCATC 

CC7CATACATrr7CGATAC7CAAATCCAAAAATAAA7rrACCA(»SC^ 

CAAAAACAATCeTAAGArrrcCACATCTrTSACCrCTCCCGCAC C Tt CI TCCTTACCCCC 

<o; — * * — ♦ * * 6(0 

ACCACTCCATCACCTCTTT5GCSGTC7TC?TCCAAACCCACTTAGGAAAGCACT5TCr:AT 

6oi — — ini"** * 

C7CATT7CCTATCC7CTTTTCSAT7T7A7AGC7CTTTCTCCCAA7TTCAATGC7TTAAAC 
721 * • 7<0 

AATCCAAA7CCCAr:ATArrrCTSCATCCACGCAAA7aACCG5c:TT5GAATCTrASATCA 
•81 — — — * — * 840 

CATCACCACCTrrCACCCTAAACSCCCCCTTCATrrTCTACCACArrrCATCATTTTCCT 
8 41 ♦ .... — 900 

CTCC7 CCT7CST ATCCTCAACTTCTCCCCCT77TCTTTTCGGT A w AC7CTTCCCTSA7SC 
901 * * * 960 

C ACC7C7C7CC 37 CTC^ATTATC w7T7 AC AAA7 S7 SAACTS7C CA CA7CGS7S ACTCA7 A 
9£l — » — ^ 1020 

77CC7CC7CC7ACAA7CCAC7r7C77T7C7CA7CCGCAC7C77ACCACCCCA7CA7AAAC 
1 1 1 IT T7 7CCCCCAAArr7SwAATAAACCG5CCAAAAACT7?C7CaJUkT7C77ACS£AA 

108: — ♦ — — — ♦ mo 

7A7A7ACXATCCA7AACAA7A7C77C7CAA7C7T7ATCAT77C77C5CACCAC7T7C7C7 
1141 * * — 1200 

7CC7C7CC7AACA7C77A7T777ATAATA777CCCC7AAAAT7CCSA77777CAC7A77A 
1201 * * 1210 

AT77A7CC7AAAA77A7CA7AA7AaCACCGAAAAC7AC7AAAAAT057AAAACCrcrTr7 
;2«1 1320 

7AAA7CSGC7CC«ACA77A7C«#» A* « AASGAA7CACA^AA77w75AGAA7SCG7AC73C5C 



— — 

7CT ACCGC77 S7C 7 C 3A TT T A C SGGC7CAAT7T775 AAAA7 AA T7TTT777TTC S AA77 " 



L3e: 



AACA7A777SACC5CAAAA7A777CS7ACCwAAAAC7ACAS7AA777777AAA7CAC7AC 

138: :<« 



:5cc 



FIGURE 3 
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TCATAACCCSTAAATCSTCACAACSCTACACTACrCATrTAAACCArrACrSTACTTCTA 
1501 * ISCO 



CCTACCACATArrTTCCSCCCCAAATATGACTCTAATXCCCATTCTCTGXATTTTCTCTT 

13«1 i«0 

TCCCTAATAATTTCACAACATTTTCCCATTCCACrrTAAACCCCCACACCATTTATrCCA 

U21 . icao 

ATCCCrcrCSGCACCCAAAAACTrTWACACTTTTAAArrcrcCrrCCATTrrTAATTC 

1«81 1740 

AArTACrAAAATTTTCSTGAATrTTrCTSrrAAAAtTTTrAAAATCACTTrTCTAATArr 

I7;i :8oo 

laso 

1920 

^ ^ , 2040 

CCACTTSTTCGACTrrTrGACCXAAACTACCAAAAAAATCSATAAAAATTACTCAAATCO 

2011 2100 

ACCTGAATrrTCAGSACAATSTTTAAAAAAAAACACTArTTrTCCAATAATTTCACTCAT 

21C1 21«0 



ACAAACAGAAACAAAAACACAACAAACATrrTAAAAATCACTTrrCAAAT 

laoi * ^ 

TAAAAATAACSATTTC?CATTSAAAArrCT5TTr:ATCrrrCCGAAXATXAAACACAACT 
» , 

GArrCAAAACAArrTTAACAAAAAAAAACCCCAAAArrCSCCACAAATCAACATAAAAAA 
1921 — — — — ^ ^ 

rrcAACACGGTCAAAArrrrccGArrrrACTCAcrrTCAccrrrTTTrrcGTACTTCACT 

1981 



rrrCAGACTAAA7C5AAAATCAAATC3TACrcr2ACTACCGGTCAGTAGAGAC3TCAACC 

2U1 2220 

ATCAGCCGAAGATGATGCCrCAACATAGAAGG 



222: 



;2eo 



i 10 
7(nlO<a) 

\ 

-CrCTAGTCATCTAAAAGTCGATCAAATTCTCSAAGrrCTCATCGCAAAACAACTCTTCA 
2281 2340 

sshlkvo£:iev:,:akovln 

20 30 

lincrsr 1 

ATACTGATAATGaAGATATSATTAATGTGAGTrTrrAATCGAATAATAATrrrAAAAAAA 

2341 . 240C 

S 3 N C 3 : s 

40 

) 

AArrGATAATArAAAwAATATTTTTSCAGTCATGTGGAACGGrTCGCGACAACACACGGG 

2<0: 2460 

SCCTVRSKRRr 
SO 

Arn71Bl 

I 

ACATCwTGAAAGCAGTGCAACGACGGGGAGATGTGGCCTTCSACGCG?*^"ATGA7GCT* 

2<«1 2220 

IVKAVORRCCVArSArYOA- 
60 70 



lintrer. : 

rTCGCTC?ACGGGACACGAAGCACTr3C"AA5Tr:T?SAAGrrc?CGCCA5ATCCTACC 

2521 2i«C 

RS?Gr:£ClA£Virp:,..S 

50 5: 
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TTrrrAAACTTCGGCGCAAAACCAACGCTCTCACCCAAAAAACy^CCCSaATCSTAATTr: 
2581 — • — — 2640 

CCAACCCACCSCCACGC777T77CC?CSaaJkAA7C3SAXATTATGCAC7rTCCCXAATA7 
2$4X — -* — — ^- — — — * — • 2700 

TrGJaG7CXXX7X7X77T7XTTTACTCXAXCC7CSAC7CA7TXTTrXT7rrrrXXCACrA 
2701 -* *- ♦ 2760 

AT777CC7GCCCCAAAACCCCX7777C7XGA7T75CCCAAAA7ACT7C7CACACXCACAC 
2761 — — . 2820 

i 

ACACACA7C7CCrrCAAATA7CC C 777r : CCAC7S77C;AC7CCAATCC7C7CgAATTCCA 

2821 * • • 2880 

VOSNAVEFI 
100 

C;7C7CCAA7C7CACC3GCXACCCATCS7C3C»GCC3CCCA77GACCCCCCCCGCC7ACAC 

2881 — * — 2940 

CPMS?ASHRR5RALSPACY7 
110 120 

T:CACCCACCCCAG77CXCCC7SACXGCG7t7C77CXG7CTCXTCA7TCAC77CTTX7CA 

29 41 — — — ♦ 3000 

SP7RVHR0SVSSVSSF7SYQ 
130 140 

C5A7A7C7AC7CAACAGCAACA7C7CC77C7CSA7C3CC7CCAC77CAT7CA7Ca;A7CS 
3001 3060 

o:ysrarsrsrsra:.hsscr 

150 160 



3120 




AACAC7AAA77C7CACAA75CGCA77AC7CAACA7A777CACCCCCAAATA7C7CG7ACC 
3121 . . 3100 



GAAAAA7ACAC7AACCrrr7AAA7aAC7A77G7A57C7CaA777ACGSGC7CSA7777CG 
3181 • 324C 



AXACGAA7A7A7GC7CGXA77w7GACAACGAA7777AA777G7CA777773*GT"~*C~ 
3241 • • ,-1.-111-1 



Rttp«ai : 



775A7A77777SA7CAA77AA7AAA77A777CCG7AAACAGACACCAGCGCrACAC7ACT 
3301 * * . , 



3300 



3360 



3<2C 



j4ec 



FIGURE 3 cone. 



6/2 8 



TrrrrrTCATTCAACATATSCTTArrAACACArATAArrATCATTAATCTGWlTTTrTTC 
34S1 * * 3540 



TAGAAATrrrCCCCrrrrCSTTCTACTATGCTCTACTtrrGAAATTCCTCAACCAAAAAA 
3541 ^ ^ ^ ^ ^ 3J00 



TCATC7CC7TTCrrCATATCAAT3ACCJJaAATACCAArrTTTTATATA7rrTCCCC7A7 
2S01 ♦ • — . 3I«0 



TCATCrrCTCCAGAAAAATACTAAAAAASCSCATCCArr:: > -£SACA I : I ri ' I ACATCGA 
3*41 ^ — ^ -* 3720 



ACCACAGCTCACTrCACATCC?SAAGACSAGAGAC5CS»GAAATACCACACATCTr:CT 
IUp««t 2 

CCC7CTCTCCTCrrCACCATCT5AAATSGGATCTC5GTCSATCTAAAAAAATCTCSAATA 
37il 3840 



ATCTAAAAAATCCA"CCCT7Trr:TACAC7r7TCTSCACAAAT5AAtACGG55AAAA7CT 
3841 ' * 3J00 



ATTAAAATACArrrr:TGTAr:Tr7CAACA7CACA7CAr*AACCCCATTATrTTTTCCTr 
3101 «^ , 29€0 



CACCAACT7AAAAAC7ACACAA7A77ASA5CGAAAACCAAAArrrC77CAACATA77ACC 
39«1 -* — * * (020 



T77A77SA7AA77A7ACA7C77AA7AA5CA7A7CT75AA7CAJUC7CAGCAAAAA7ArCT 
402i • * 4080 

GCCAAAC:ACC7SAAAAAAA7CAAAAA77C7 GCGAAAATTSAAAAAA7CCA77AAAA7 ACA 
4081 • — ♦ 4140 

TTTTTCCA7Tr77C7ACATCACA7CAA7C7ACAAAA77AAAACCaAAA7CAAAA7r7C7A 
4141 * ♦ * — — 4200 

CACCA7A7AATtCAA7CAAACAr:5CGAAA77AAXA737CCSAAACS7CAAAAAACACGA 
4201 * • <2C0 

^ ^ ^ I 

AAT7T3GS7A7CAAAA7CGA7CC7AAAACCAACACA7TT2AGCA7CC3CCAAC7CT7CA7 

4211 4320 

S A N s s r 
lao 



FIGURE 3 coat* 
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TCXccGGATGCTCTTCTCTC5G;;T;;c;;crrc;y^G7rrTXATCSi 

4321 — — • • 4310 

TGCSSLCrSSSRHRSrSKAS 
190 200 

CrCGACCAACTCAATACATATTCCATCAACAGGXTATCAACrrrSTCSATOCACCAACCA 
4381 * — ' — . — 4440 

CPTQrirHSEOKNrVDAPt: 
210 220 

TAACCCGTSTTrTCCACGACAAAACCATGTACACAAACrrCTCGACTCCTCGTGGAATCT 

44 41 * * 4500 

SRVrDEKTMYRSrSSPRCKC 
230 240 

CCCTCATCATAAATAATGAACACTTTGAGCACATGCCAACACGGAATCGTACCAAGGCCG 

4501 ^ 4560 

II INNSKriflMPTHNCTKAO 
2S0 2(0 

ACAAGGACAATCrrACCAArrrrrTCAGATCCATGGGCTATACGCTTATTTCCAACGACA 

4561 ^ r >" 4(20 

KDNLTNLFRCMCrTVlCKDH 
270 280 



I intron < 

ATCTGACCGGAACGGTACGGCGAAArrATATTACCCAAACGCGAAATrrGCCATrrrGCC 

4C21 * — 4cao 

1 T C R 



t 3 



CCSAAAATCTGCCCCCCGGrcrcSACACGACAArrrsrSTTAAATCCAAAAATGTA-AA- 
4<ai * 4740 

TTTCCAAAAAACAAAAT?TT5AACr:cCGCSAAAA7CATTTACC?ACTrrCGAAATTTTC 
4741 ™ * — * • ♦ 4100 

CTTTTTTCCCCCTACArrATCTCTTrrrrCTTAGTrrrrCTATAATATTTGATCTAAAAA 
4801 * — * 48(0 

ACCCrrTCTAAATTTTCAGACAATrrrCCGCArACUJUACrrSATACCACCAAATCAATT 
4««1 4920 

TTCTCAATTrTCAAAATTATCCAAAAATGCACAArrTAAAArTTGTCAAAATTCCCAAAC 
492: * — — 4980 

GGTCTTTCAATATSAAATCTATTTrTAAAAACTTTAAAAACCACTCCGSAAAAGCAATAA 
4981 • * 5040 

AAATCAAAACAACGTCACAArrGAAATTCAAAAGTrATTCATCCGArrrCTTTArrTTrG 

504: 5:oc 

CAAAATTTGAJJ^AAATCATCAAGGATTTAGAAAAGrrTTATAACATTTrrTCTACArTr: 

i:oi £1(0 

TCAAAATTrrrrTTAACAAATCGAGAAAAAGACAArGAAAAATGGATTrrAAAAATATCC 
ilCi 5220 

R«p«ac 3 
<--«•— 

ACACCTrCCACAGTrrGAAArrACAGTACTCCTTAAAGGCGCACACCCCATTTGCATTGG 
5221 5280 



ACCAAw*T7TGTC3T3TCGAGACrAGCTACCGrAGTTTTTGTCGCAAAAATTGCACZA* 
52C: ^ 5340 

r5CACAA7AAACCrT=CTAATCA-CAAAAACTAAAATTSAAATrrrCCAAAACCC?j;^ 
33<1 .4CC 



FIGURE 3 conc« 
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5441 — — — ' 532C 

I 

XATCTXXACTGATATTTXATrrCCACWAATCCTCCTCACAArrCSACACrrrOCCAAAC 

1521 — — 5580 

CMlLTrRDFAKH 
290 300 

ACGAATCXCACCaAGXrrcrGCSATACrCSTCATtrrATCACACSGACAAGAGAXTCTGA 
5581 — — * — ♦ 5C40 

ISHGOSA:LVIlSHG£tNV: 

3X0 320 



:gatct?ctcaaccccg 



5700 



A(n2<331 

J 1 intrar 5 
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Interleukin-ip convertase cDNA seqeunce 

: AJUUCOACAC AAAACCCATC CCCSACAXCS tCCTCAACGA GJUCACAAAC 

51 CTCTTTATCC CTTCCXTCCC TCXACC7XCA XTXXXTCSCT TXCTCCATCX 

101 ATTAT7ACAC ACAAGCG7SC TGAACAACCA AGAGATSCAC AAAGTAAAAC 

151 CTGAAAATCC TACAGTTATC GATAAGACCC CACCrrrCAT TGACTCCCr: 

2 CI ATTCCSAAAC CGGCACACGC ATCCCAAATT TCCATCACAT ACATTTCTCA 

251 ACAACACACT TACCTSCCAC CGACSCTOGG ACTCTCACCA GATCXAACA7 

301 CTCGAAATTA CCT7AATATC CAAGACTCTC AACGACTACT TTCTTCCTTr 

351 CCACCTCCTC AGGCASTCCA GGACAACCCA CCTATCCCCA CATCCXCACG 

iOl CTCAGAAGCG AATCTCAACC TTTCCTCCCT ACAAGAACCT CAAAGGA7AT 

451 CGAAACAAAA CTCCGCAGAG ATTTATCCAA 7AATGGACAA C7CAACCCGC 

501 ACACC7C77G C7C7CA77A7 C7CtAA7CAA CAATTTGACA G7A77CC7AC 

551 AAGAAC7CGA GC7CAGC7TG ACA7CACAGG CA7CACAA7G C7GC7ACAAA 

(01 A7C7CCCG7A CACCS7AGA7 G7GAAAAAAA A7C7CAC7GC 77CCGACA7C 

«51 AC7ACACACC 7GCACGCA77 7CCACACCGC CCAGAGCACA ACACC7C7GA 

701 CACCACC77C C7CC7G77CA 7C7C7CA75G 7A77CCGGAA CGCA77757C 

751 GGAAGAAACA C7C7GACCAA C7CCCACA7A .7AC7ACAAC7 CAXTCCAA7C 

•01 TT7AACA7C7 7GAA7ACCAA GAAC7CCCCA AC777CAACC ACAAACCCAA 

ISl GC7CA7CATC A7CCACGCC7 CCCG7GG7CA CACCCC7CG7 C7CS7C7CG7 

101 77AAAGA7TC AG7AGCA5Tr 7C7CCAAACC 7ATC777ACC AAC7ACACAA 

951 CAC777GAGG A7GA70CTA7 7AACAAAGCC CACA7AGAGA ACGA77T7A7 

1001 CGC7T7C7CC TC77CCACAC CACA7AA7S7 rrCT7CGAGA CA7CCCACAA 

1051 7CGGC7C7G7 7T77A77CGA AGAC7CA77G AACA7A7CCA AGAA7A7CCC 

11 CI TC77CC757G A7G7GGAGGA AArr77CCCC AACC77CGA7 7T7CArr7CA 

1151 CCACCCACA- CG7AGAGCGC AGA7CCCCAC CACTGAAAGA C7GAC777GA 

1201 CAAGA7G7T7 C7ACCTCT7C CCAGGACATT AAAA7AAGGA XAC7C7A7CA 

125: A7C7C7CCGG CCAGGAAG7G AAGAGATCC7 7C7C7AAAAG CTTTTrGGAA 

13C1 TTATG7C7GC T3AATAATA^ ACTTTTTTTS AAATAA7AAA 7CTGGTAGAA 

1351 AAA7CAAAAA AAAAAAAAAA AAA 
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Relevant to claim No. 



WANG et al. Ich-1, an Ice/ced 3 related gene, encodes both 
positive and negative regulators of programmed cell death. Cell. 
09 September 1994, Vol. 78, No. 5, pages 739-50, especiaUy 
figure 2a and page 746. 

JACOBSON ct al. Apoptosis. Breaking the ICE. Current 
Biology. 01 April 1994, Vol. 4, No. 4, pages 337-40, entire 
document. 

MILLER ei al. The IL-l/S converting enzyme as a therapeutic 
target. Ann. N.Y. Acad. Sci. 1993, Vol. 696, pages 133-148, 
entire document. 

RAY et al. Viral inhibition of inflammation: cowpox virus 
encodes an inhibitor of the interleuldn Ifi converting enzyme. 
Cell. 15 May 1992, Vol. 69, pages 597-604, entire document. 
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1-7, 9-17 
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Box I Ohscrratioiu where eertain claimi were found unsearchable (Continuition f item 1 of first sheet) 



This international r^it has not been established in respect f certain claims under Aiticle i7(2Xa) for the following reasons: 



Claims Nos.: 

because they relate to subject matter not required to be searched by this Authority, namely: 



2. 



□ 



Claims Nos.: 

because they relate to parts of the international application that do not comply with the prescribed rcquiremenu to such 
an extent that no meaningful international search can be carried out, specifically: 



3, Q Claims Nos.: 

because they are dependent claims and are not drafted in aooordanoe the second and thixd 



of Rule 6.4(a). 



Box II Obserratkms where unity of inventaoa b lacking (Continuation of item 2 of first sheet) 



This International Searching Authority found multiple inventions in this international application, as follows: 
Please See Extra Sheet. 



i* Q As aU required additional search fees were timely paid by the appUeam. this internal 



clainu 



* Q ^saU searchable cUimscoukI be searched without effort justilying an addition^ 
of any addiiioiul foe. 

3* As only some of the required additional search feea were timdy paid by the applicam,th^ 

only those clainu for which fees were paid, specifically claims Nos.: 



4< 1^ No required additional search fees were timdy paid by the applicant Consequently, this international search icpoit is 
restricted to the invention fint mentioned in the elaima; it is covered by laims Nos.- 
1-17, 66, 68 



Remark on Protest ° Q The additional search fees were accompanied by the applicant*a protest. 

rn No protest aooo mp a n ied the payment of additional search fees. 
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B. RELDS SEARCHED 

Electronic data buea consulted (Nam of data base and when practicable Cemu used): 

APS, Dialog flics 5. 155. 301, 350. 351 (BIOSIS. MEDLINE, CHEMNAME. DERWENT WORLD PATENTS 
INDEX) 

search terms: ice, ced3, ced 3, (intcrleukin or prointcrleulun)(3n)(protease or convert? or endopcptidase. inhibit?, tyr 
vai X asp« crmA, crm A. cowpox. apopl?, death 

BOX II. OBSERVATIONS WHERE UNITY OF INVENTION WAS LACKING 
This ISA found multiple inventions as follows: 

This application contains the following inventions or groups of inventions which are not so linked as to form a single 
inventive concept under PCT Rule 13.1. In order for aU inventions to be examined, the appropriate additional 
examination feea must be paid. 

Group I, claims 1*17 and 66-68 drawn to a method of making a medicament that is an inhibitor of "asp-ase' (a protease 
that cleaves substrate titer an aspartate residue), the medicamem which is species (A) which is Tyr-VaJ-X-Ai p or Ac- 
Tyr-Val-Ala-Asp-CHO or eowpox virus Crm protein or a protein stnicturaily related to ced-3 or the medicament which 
is species (B) a nucleic acid polymer, and a proceu of use of the medicament. 

Group II. claims 18-27, 33-36. 39, 41, 42, 45, 47, 48, 51, 56, 59, 65, drawn to third and fourth producu respectively 
which are diagnostic probes for a disease charKterized by cell death which arc species (C) which is an oligonucleotide 
probe for ced-3, ICE, or a related gene (claim 18 (items a, b, c, e, f, g, t, j, k), 19, 23 ptems a, b, c, c, f, g), 32-35, 
36 (as directed to RNA), 39, 41. both 42 and 43 ai directed to a nucleic acid, 45, 47, 48, 51, 56, 59. 65) and species 
(D) which is an antibody (claims 18 and 23, items d and h). 



Group III, claims 28-32, 36 (as directed to protein). 37. 38, 40, both 42 and 43 as directed to a protein, 55, 57. 58, 60- 
64. all drawn to a product which is ced-3 or ICE or NEDD-2. 

Group IV. claims 44 and 46, drawn to a method of identifying a gene whkh is related to ced-3 or ICE. 

Group V. clainu 49-54 drawn to a method of ideotiiying a gene which interacts with ced-3/ICE gene to enhance or 
suppreu the action of the ced-3ACE gene but which identified gene is not Ged-3 or ICE. 



This ^yplication contains claims directed to more than one species of the generic uventkm. These species are deemed 
to lack Unity of Invention because they are not so linked u lo form a single inventive coneept under PCT Rule 13.1. 
In order for more than one species to be examined, the appropriate additional examirution fees roust be paid. 

The species in Group I are as foUows: species (A) which is Tyr^Va^X-Asp or Ac-Tyr-Val-A2a*Asp-CH0 or cowpox 
virus Crm protein or a protein structurtUy related to ced-3; and species (B) is a nucleic acid polymer 

The species in Group II are as follows: species (Q is an oligonucleotide probe (claim 18, items a, b, c, e, f. g, i, j, k; 
claim 23. itenu a, b, c, e, f, g; claims 32-35; claim 36asdirected to RNA; clainu 38, 39. 41; claims 42 and 
43(asdirected to a nucleic acid); claim 45; claim 47 and 48; claim 51; 56; 59, 65) and species (D) is an ant&ody 
(claims 18 and 23, itenu d and h). 

The inventioiu listed as Group» I to V do not relate to a single inventive concept under PCT Rule 13. 1 because, under 
PCT Rule 13.2, they lack the same or corresponding special technical features for the following reasons. 

The protein products of Group I do not share the identical special technical feature u the proteins in Group U since the 
proteins (specie* A of Group 1) that are thctetrapeptki e a n dcowpox viiua Crm are not oligonucleotides that encode ced-3, 
or ICE r NEDD-2 nor do proteins that are "ced-3 like* necessarily have the identical structure and function of ced-3 as 
set f rth in Group III. The DNA (Group U, species C) and the proteins (Groups I and U species A and D respectively) 
have diff rent physical, chemical, and biok>gical structure stkI function. The proinn (species A) and polynucleotide 
(species B) in Group I also di/Tcr from that of Croup 111 because they are not per se ced-3 nor ICE nor NEDD-2. The 
special technical feature of Groups IV arul V, f identifying a gene is not found in the claims of Group I. 

The special technical feature of Group 11 in regard to a protein is that it b an antibody is not found in any of Groups ID 
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through VI. 

The ipecUl technical feature of Group III is that the protein it ced-3 or ICE or NBDZ>-2 is not found in Croup IV 
which is a method of identifying genes related to ced*3 or ICE are found n r is it found in Group V which has the 
special technical feature of a gen that interacU with ccd-3ACE. Genes related to ced*3 and ICE are not the identical 
technical feature of a protein. 

In Croup V, the ipecial technical feature of a gene that inUracU with ced-3/ICE is a different special technical feature 
since the gene that intencts with is not the same u the gene which is ccd-3 or ICE or which enhances or suppresses the 
action of ccd-3 or ICE. 



The species listed above as A. B. C. and D do not relate to a single inventive concept under PCT Rule 13.1 because, 
under PCT Rule 13.2. the species lack thesameorcorresponding ipecial technical features. Species A is a tetrapepiide 
or cowpox vims Cnn whereu species B is an oligonucleotide which has different phyfiical,chenucal, and biological 
special technical features from a protein and the proteins that are ced-3 or ICE or NEDD*2 also have different physical, 
chemical and biological function from that of an antibody (species D), Species C also dlHers from species B since 
species C is a probe whereas species B is not a probe. Thus, Groups I and U each have a second species directed to a 
dilTerent technical feature not found in the first luted species of each group. 
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